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(he professional papers contained I'he Journal are published prior to the 
meetings at which they are to be presented, in order to afford members an oppor 


they may wish to present. 


tunity to prepare any discussio1 


The Society iS a bo ly is not re pe lor the statements of f icts or Oomnions 


ons ( 


uivanced in papers or discussi 
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Novemb ll be presented and important contributions upon the 


y » eye 
; PF as . ‘ ‘ ‘ 
tne ¢ elene (Urabdlil characteristt 


perties of lubricants, ffi 
el will be 1 sade by Dr. © I. Mabe ry, of Case School, Ch veland., 
a Ge} Chas. Miller of Franklin, Pa. 
1) Mabe has been engaged for a long period ol tin h experi 
! 1p ibricating oils and has obtained results of unusua 


terest HeCCAUMS Ol the unitormit ittammed i repea ris experi 


wavs a difficult matter in testn lubricants General Miller 


nas peen so ne identified with the s ibject of lubrication and has 
of information as a result of this experience that his 
aa reatl to the interest o he eve ( There . 
e discussions also by F. R. Low, Editor of Power, I. E. Moultro 
echanical engineer of the Boston Ediso1 Company, J. P. Sparr 


chief engineer of the New York Edison Company, and others 


The subject of lubrication is so important im its bearing upot 
he conservation of power and upon machinery of all kinds, especially 
since the introduction of recent new types, such as the steam turbine 
and automobile, that it is desirable to have authentic information 
easily available for the use of engineers. By introducing the subject 
for discussion before the Society, it is hoped that this result may 
eventually be brought about and that a substantial beginning will br 
made at this meeting. 
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Lk} NG ys OUIS, ANUARY 1) 
Che next mo I mee Or oO] ne societ In = 118 
on J nual Lo Phe ISual ANNOU ement of this met ] 
] 
in regard to the paper and discussion will be ser 
engineers in St. Louis and vicinity previous to the meet 


MEETING IN BOSTON, JANUARY 2] 


\ joint meeting of The American Society of Mechani 


the Boston Society of Civil Engineers and the Boston bra 


American Institute of Electrical Engineers, will be held Bost 
on the evening of January 21. Committees have been ap} 

the society of civil engineers and the loeal sectio1 

engineeis to coéperate with the local committee S 
complete arrangements Che meeting will take th 

and reception, with the presidents of the three societies 


(eorge H Westinghoust of The (me can pb eiet yt \| 


Engineers, L. B. Stilwell of the American Institute of ] 


neers and George B. Francis of the Boston Society of Ci 
besides the incoming president of the American Societ IL 4 


neers, John A. Bensel, and other distinguished guests 
hall of the Hotel Somerset, which is the largest and finest 
has been engaged for the occasion. 

Following the banquet there will be addresses by so: 
guests and a paper on the Main and Auxiliary Machin 
Battleship North Dakota, illustrated with lantern slides, by ‘ 

B. Edwards of the Fore River Shipbuilding Company. Ther 
discussion at Boston a project for building and equippir 
engineering building and the president of the Boston Society of ( 
Engineers will bring up this subject and describe what efi 
Society has already made towards this end. 

The meetings of The American Society of Mechanical Engineers 
Joston have been uniformly well attended, as have those of the 
other societies, and it is believed that this joint meeting will brit 
together an unusually large number of engineers and that it will be 
the most successful similar meeting of the kind that has 


in that city. 4 
SPRING MEETING, ATLANTIC CITY, MAY 31 JUNE 6 


The Spring Meeting of The American Society of Mechanical Eng 


neers will be held this year as usual, in addition to the London Meet 





Meet 


Hiniv rest riceted to the supirect 
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Pageant, probably at Chester: Pas 
t Fulham Palace; Military Pa 
Mining, Metallurgy, A 


reant in Li 


Diisseldorf; International Sports E 
nal Exhibition of Arts and Indust 


e Passion Play at Oberammerga 


plied Mechan 


d that papers will be presented by 


T 
on electrification of railways, on round |! l 
¢ of locomotives at terminals, on certain ph 
and on the subject of standards for g 
considered by a committee of this Soci 
e of the Institution of Mechanical Engineers 


s indicated, the Meetings Com 


ech occurs in July. Atlantic City has been selected b he 
s Committee and approved by the Coun s the place and 
will be from Mav 31—June 6. inclusive lhe headquarters 
tne meeting will be at the Marlboroug! Bl ( Hote 
[EETING OF THE AMERICAN SOCIETY OF MECHANICA ENGINEERS 
AND THE INSTITUTION OF MECHAN \ ( I S 
mse eu ion of The I] Mec] 
< rena Britain ece ed na eet r Lb | \n n 
Mechanical Engineers, and rece Si neral 
133 members and 100 ladies } sionifie he , 
I mer ny’ mn (are 4 ! ! } summer! yf 
S3 | e expressed themselves as ¢ ! he n ( avor- 
Cs mMdications are I yme ¢ ( > r 
Manchester, Birmingham or Sheffield, possib ynelus 
eu ition its is an earnes ( ( 
opportunities which w be extended e Soci 
Cl Vii probably he 7 ie ] ny, rh)? . a 
mn the same steamel 
ri d personal engagements per! < o me! 
have the opportunity of attending the following ev: ind 
vhich are to take place during the summ«¢ 1910: A 
exhibition at Sheperds Bush, Londor American [Exp 
Berlu Brussels [ Nh versal wna ly erTnatlol | nip 








REPORTS OF MONTHLY MEETINGS 
BOSTON MEETING. NOVEMBER 17 


\ very successful meeting of the Societv was held at Bost 


Lowell Building, Massachusetts Institute of Technology, Wedn 


evening, November 17. Two hundred and forty were 
this meetine and the Low-pressure Steam Turbine was 
discussion. 


; 
ans ( 


Mr. Henry G. Stott of the Interborough Rapid T 


vave an interesting 


account of the difficulties encounters 
the very fine results obtained from an installation recent 
the 59th Street Station Or | 


} 


Emmet described the LOW-Dressure turbine sit) ‘ t iy 


his company, New Yor! Mr. W 


point and pointed out the advantages of this type of prime 


il 


for Many mill installations ana industrial works In New [1 olal ( 


H. OF Longwell. consulting eneimee! of the Westinghouse 


Company, and Kdward L. Clark, manager of their Boston fhe 
both spoke on the work that company are doing in this field Mi 
Max Rotter, turbine engineer of the Allis-Chalmers Company, pointe: 
out in a humorous way a number of situations where the low-pres 
sure turbine was not a desirable proposition Professor Mille: he 
Massachusetts Institute of Technology also discussed thi bye 
BOSTON MEETING, DECEMBER 17 

On Friday evenine, December 17, a goodly number of eng ers 
of Boston and Vicinity vathered at the eall of the local members 
The American Society of Mechanical Kngineers to discuss the fe 
of Superheated Steam on ( ast Iro1 The meeting was calles oO orde 
by Prot. lra N Hollis. who announced that the next meeting uld 
be hela On January 2) and would take the form Ol a receptlo pos 
sibly a complimentary dinner, to the newly elected president of thi 
\merican Society , (.eorge H. Westinghouse, and other of the Society 
officials \ later announcement of this meeting is contained Is 
where in this number, and of the coéperation f the Boston Societ 
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of Civil Engineers and of the local members of the Institute of Elec- 
trical Engineers. The committee which has been in charge of the 
meetings, consisting of Messrs. Hollis, Moultrop, Miller, Mann and 
Libbey, was continued. 

The set papers which were published in the December issue of The 
Journal were then presented by their authors Prof. Edward F. 
Mille: of Boston, Arthur S. Mann of Schenectady, and Prof. Ira N. 
Hollis ot Bosto1 in the orde named, and were discussed by Messrs. 
Collins of Stone & Webster, George A. Orrok of the New York Edison 
Company, Chas. H. Bigelow of Chas. T. Main’s office, W. K. Mitchell 
ol Philadelphia, Messrs. Primrose and Nutting of the Power Specialty 
Company, Wm. I. Snyder of the American Steel and Wire Company 
and others. The general purport of the discussion, was rather reassur- 


ing to the users of cast iron pipe and fittings, and to those who are 


interested in the extension of the use of superheated steam. in indicat- 


ine that superheated stean per sé has O in urlo is eflect upon cast 
iron fitth os, but that if the pipe lines are properly designed for the 


greater ranges Of temperature if the fittings are made adequate to 


the pressure and if fluctuations in temperature can be avoided, the 
use of superheated steam introduces no piping difficulties which 
can not be ea ercom 
MEETING AT ST. LOUIS, NOVEMBER 13 
\t the meeting of the Societv at St. Lo us. Novembe 15. with the 


Engineers’ Club at St. Louis, a description of the new plant of the 
Heine Safety Bole: Company of Boston was presented by Ic. R.1 ish, 
under the title, A Modern Boiler Shop. There was also further dis 
cussion of Professor Carpenter's paper on High-Pressure Fire Service, 


continued from the October meeting 
MEETING AT ST. LOUIS, DECEMBER 11 


\ meeting was held with the Engineers’ Club of St. Louis o1 
Saturday evening, Decembe 11, at the rooms of the latter societ) 
The meeting was called to order by Willian H. Brya member of 
the Meetings Committee of the Society and chalman of the joint 
committee of the two societies at St. Louis Prof. Ic. L. Ohle aeted 
as secretary There were present fiftv-five members and fuests 

The paper ot the evening was by G. R. Parker of the General Elee 


tric Company, on The Relation of the Steam Turbine to Modern 
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Central Station Practice, in whicl 


} 
i 
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] 
+ 


, = aK. 
tne underlving 


principles of modern 


steam turbines were discussed, together with the design of variou 
prominent types on the market, and the developments made u 
recent years in improving capacity and efficien \tt is 
called to the large turbine capacity which may ! tained 
within limited floor space; to the question of low-pressure 
and their availability in Supplementing St aarad 0 
engines, increasing both their capacity and econon x ( 
work already done in this direction at the plant of the Union | 
Light & Power Company in St. Louis, and to prospective v o 
similar lines in the same plant Che address was illus 
lantern slides 

Discussions followed by Chairman Bryan, P) H. W. H 
L. R. Day, E. R. Smith and Prof. E. L. Ohle which mar ddi 
tional interesting points were brought ou 

On the afternoon of the day of the meeting an ursio! 3 made 
to the \shley street plant ( I Unior | ( ( Ligl & | eC! 
Company, for the inspection of the apparatus and equip! 
invitation of John Huntei hief engines This « 
menting as it did the pape evel ied 
ind value of the meeting l ( . \I 
Hu or the opp uN erous 
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, wsnsicaban {The A n & 
\ 
crit " +? "I i " { ~~ , } 
\ il le | ( 0 »2 ( ) 
the f{ at me thie irancement t 
entire! , t) hands o ting ’ 
York and vicinity acting as hosts, a1 
method of handlu nh important } 
sever torn Or 1esqd ePVel 
‘ ; ] 
ve ittended, and a large audiences 
On Wedaced Sciam thie Gale 
brought out ve th embel 
y 7 ) 
L. W. Ellis he Bureau ! 
rs i | or | ? T t Pst ? | 
ery. On Thursday ever he ten 
, . he Hotel A 
‘ ~ ~~ ~ \ } ] | 
l@! - ‘ ep 7 1lesC eT ne 
nost eniovable eve held. the membe 
] + ) + 
Miller, who presented President Jess¢ 
then proceeded h his lress ol 
which 1s printed in full in this numb 
ot coéonera n mon el nee 
» of high standards in engineering p! 
he address, Theodore Stebbins, c¢] 
+ i + ) + 
presented to at | ePsldel ne repo! 
4} + 
he tollowing were thereupon declared 
‘ 7 ‘cy , ; , ‘ 
ce Westinghouse; f vice-presidents 


THE ANNUAL MEETING 
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Baker, W. F. M. Goss, Ik. D Meier: for manag rs, J. Sellers Ba 
James Hartness, H. G. Reist; for treasurer, William H. Wile, 


President Smith then called on Past-Presidents Wo 


ceeiied 
Warner, Geo. W. Melville and Samuel T. Wellman to e 
dent-elect (,eorge Westinghouse to the platform 

\fter his notifieation of election and introduction to tl] 
the president elect spoke as follows: 

When Mr. Warner, the Chairman of vour Nominating Committee. a 
ng on the subject, came to Lenox to ask me to accept the nominatio1 
of this great Society, I had already decided that it would be impo 
have the privilege of accepting; but after he had explained to me the di 
associates and had represented to me that it was the un iniMous Wish of 


members of your Nominating Committee to honor me at this particul 
in so doing to express an apprec! ition of my ettorts ind iccomplishi 
engineering field, I with much hesitation consented to accept the non 
promised if elected to do everything in my powe 

W hether two mistakes have been made one ll yielding to the pe 


of Mr. Warner, and the other in my eleet 


ion as your president —the 


vear will determine I trust I may be able to fulfil your expectatior 
something to the worldwide reputation of The \merican Socrerl 
engineers 

With these remarks, I now iccept with feelings of deep g 


which the members of the Soci ty have tonight unanimously econferre 


There never was a time in the history of the world when honest. w 
ervative action is more strongly demanded of 


have any desire to preserve the right to comfortably "ari 


earry on 


iMairs 
+ i T + 
I thank vou, and I ask your co peration in my\ 


vour president 


The meeting’ was then adjourned to the rooms of the Sov 
the members and guests were introduced ary 
Rice, to the President elect and Mrs Westingho ise, those 
receiving line being President Jesse M. Smit] 


Hutton and Honorary Secretary | R. Hutton 


WEDNESDAY EVENING LECTURE 


i and Mrs Sn 


nent 


us and of all men thar 


also 


it} 


\s already stated the lecture on Wednesday ev nine’ Was 


leraof Farm Machinery, by L.. W Ellis, of the Bureauof Plat 


of the United States Department of 


iden of agricult ral progress, by describing some of the mo 
mechanical achievements found on Western farms of the pl 


He first deseribed early farm implements and told brie 


4 


| ? 


ese! 


fly 


\ 


\\ 


\oriculture at Washington, 1). 
The leeture was illustrated by lantern slides Mr. Ellis first fi 


ave 
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ransition from hand to machine methods In 1SOO whe: 


broudeast by hand, after the ground had beer plowed vith al 


imsy, wooden plow, requiring as manv as eight oxen 1 yu 
Sickles cut the grain, and it was bound by hand. During the s 
eeain? wintel it Was threshed out eithe 1). ) ‘ 
nimals over it as it lav in heaps It was finally winnowed by | 
Corn cultivation was by the ho ide si el plow 
Iks were cut and the ears husked out by hand. Shellir 
Scrapme he ¢ rs “Alns hie h nae i! I pal l 
‘ } ? lred ? nutes 
Hay was cut with a seythe and was pitched by hand fron 
cart, and cart to hayvmow Baling and shipping were pra 
now! Hand methods prevailed in the dai the stable, the c 
n fields, the potato pateh—in fa n phase of oduction 
! $55 to 1894 the human labor consumed in produ: lyuishye 
1) the bes ivailable methods declined ! | 
I | ! ( oO! one minutes ned 7 SAT ! t ? } , 
lred mu eS ne minute In S380 e hou na thre 
nul Lt were required 1 ! ( ! ( DUST aL 
IN9O ten munute Kleven hours were rr ( 
) | n INOO } |b one ne nei tt nine ? ! ’ IN] 
"OWE hn shevers now ised |} ive Lp Tt troy ! e% 
to eight hundred bushels per da Phe cobs are rie rile 
he shelled corn ce ered into sacks ns hy 
he cobs pays the cost of shelling 
I" igh hand methods still pre ili Wl Cc sf Ol ! ( 
now practically the universal means of cutting the ha hy 
modification of the earl reaping machines W h suct el 
nated as are hot necessarv tol eutting the grass Phe ster ~( 
dump rake, the side delivery rake and the hay loader, the star eC! ] 


the ba line press are other deve lopments for hav harvestin 
In the extreme West there has been devs LOpn d the combn 
ester which seems to represent the greatest possible saving of human 


labo! lhis machine. drawn by Irom twenty to tortyv horses ice 


ontrol ola single driver. Cuts, threshes, recleans and delivers n 
sacks the grain from rOrty to nity acres per cat lwo mer ire re 
quired Tor sewing the sacks The straw, inc] liding all weed seeds, Is 
clistributed ove the ground as the team proceeds On level land the 
norses may be replaced by the steam engine, which furnishes pows 
sufficient to cut a swath up to forty feet in width and to cover fron 


seventy-five to one hundred and twentv-f 
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a ] fs. . | ; . . ] 
lor general farm work the internal-combustion 
ad to be rapialy supplanting the steam engine, which, | 
. great field of usefulness in sections where it is desired ( 
reas rapidly unaer ¢ It} tor 1) ’ ct ry. " 
< al AUALY LiUAC lL Aiviva ) L o1dae sf LOT) | 
i] 1 
pete successIullv WIT! the ty <4 tractors mus pri The - 
ration ectose to the cost w I the ses «i t tne same rri¢ ( ! ( 
of at wariet f wor I} nterm rt , . 
) a Ca Vili y 1 WO 1¢ i L-COT) ) ( 
these conditions better than the steam eneine \ Del 
it a Pe estimated anywhere trom two thousand e 1 
De! Cal 
=— , ; 
Che automobile is rapidly nau L pines rye isine 
ment of the tarn lt takes [rol the neavy dl st I ! 
] “y " y TY T 1 ’ ] “7 ; 
Or Long, ex Y trips Own on | a is 
I 
[In general, machinery has reduced the cost of } LCL ! 
lucts. It has improved the quality of products | ndensi 
, . — . 
operations within the period when the most tavorable cond I 
»V Increasing the acre etter vehess OI a I I reauce 
} le} ry? r\ 1) t} natior t ; , 
i@ labor Nnecessa » proauce the hatlol LOOd lpp { 
issist in develonpme! alor other | 7 \t t 0 § 
i l Lil pil lL al l ) itl ne Ii¢ ‘ 
nrownh upon the cities the burden of providing ) I { 
mere Ino »rrTy) \ OL not! prod ers It ! nicl i en i ( ] 
1] easing a ) L hi iu na eased 
ecessary tor the proper orgal tion Of a tarm nis and | { 
— 
nd makn t more dadimeult [o! person Oj si i cal Ce] 
rryiris 
\s hn we have occupied all l! ll 
; ind e confronted wit] | nNereasc provid | 
' " ne ™ pulat ray ! ( ’ r ( | at T if 
e} has encouraged @Xtenslve rie nan tel ( Hence- 
’ 
hn the reverse should ( L¢ [ Ii Wi ] ) 
ris row where One re 8) ( pub ( ( i Cl ! f 
{ ess 1s hie L pubuc serval VhoO puts u ) ( } ! ~ rhe 
hinel r makin suet ( ttract ( 
BUSINESS MEETING 
lhe business session on Wednesday mornit ill : 
4 1 7 5 ) 
Preside! Jesse \M emit! pecretal Ca n \W R ( 
eport of the Counell Phe eecretal then re i rie ( 
lellers of ection of members, which will be publish ey 
bersnip ist ot the Pociet The ST 1! led Lob ! ( 
} | ) { ) 
membership and 2] raava oTriade 
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at ( if = The onsiderattl ( Tne Dro} 2eC nie 
( ' ( stitutior he firs endmet elate 
( L( \ 2b i I 
ne eT ( ) { «*¢ 
‘ é p 
\ ‘ ‘ r ‘ 
uni ( ( ce or 
( ‘ P 
| 1 
re ( ‘ hy Vie 
i { ii\\~ 
e 21 we ~ 
( ce ena e } f ’ ‘ ord e mM 
| ‘ irl 1u ‘ a T ‘ 
Lc nis ed he ( , nm 4 
> 1 
| 
, 
\ ¢ sf) , ' F SAP ’ ] 
4 + 
> ' re ‘ ? ( imel ee f Heel yr’ ‘ if ( 7 ? rey, 
Membershiy efore remall mi e] , 
t t Te] ) T 
\ third proposed amendme} he Cor elate 
= , ldiy 


Resolved That we recommend to the Council the ippointment oft Pu ‘ 


Relations Committe to investigate, consider and report on the methods wherel 


il 


may more directly cooperate with the publie on engineering matte! 


ind on the general policy which should control such coéperatior 


It was moved and seconded that this also be referred to the m« 


Dr. D. 8S. Jacobus, Chairman of the Committee on Power Tests, thei 
made a vert al report This committee Was appointed to revise 
the codes relating to power tests, some of which did not agree wit! 
others, or were not up to date. It had been decided to blend the 
whole into one report rather than present a series of reports, aso1 
engine testing, boiler testing, etc. The first part of the report w 


deal with tests in eeneral, calibration ol apparatus inits, et While 
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the second part will be subdivided for the various classes of machine 


and apparatus. 


Geo. H. Barrus had volunteered to prepare a skeleton of the report 
and had done excellent work in this respect, the material making 69 
closely type written pages Copies of this outline were in the hands 
of the members of the committe and would shortly be discussed 


bnem., 


Dr. Jacobus also made a erbal report for the Joint Committee o1 
a Standard Tonnage Basis for Refrigeration This committee |] 
made a preliminary report in 1904 and suggested certain units 
measuring the refrigerating capacity oft the machinery The | 
also suggested a standard set of conditions under which a machine 
should be tested to obtain the refrigerating capacity of th machin 
Later on, the work of the committee was extended. and they wer 
asked oOo recommend a method Ot testing the machines \ prelin 
nary report was also prepared 01 this portion of the work an 
been before the Society 
Cho ioh thie committer nad eceived some favorable discuss 
he report they felt that it was not a complete piece of wor nd the 
shea that some one would e the committee addition 
how rif eport could bi mis ( thermore thy vere nN , 
In the report where the committe wd not n ~~ ' : ; 
mendations, because they did ni nave enough adata nal 
tl eratiol Was prepare | na ent to the On) ress of ofriger 
Industries, held in Paris in the 1908. with the request tl 
CUSCUSSeC 1 makine this sumé certain quest . , ' 
Hel 1h ymmittee wisher lyteaq pecifie informat 
Was cone na seml-offir in after takine 1) he} 
the Secret: ry ol this Society, the committee ended the com: nie 
tion to the International Committe in this way 
he policy of The American Society of Mechanical Engineers ha way 
for the advancement of the arts nd whereas 1t 1s only natural that it should tal 
pride in participating in advancements, it will never look except with sa ( 
tion upon activities of other bodies, even in the subjects on which it has wol 
I feel safe in saying, therefore. that any criticism by the members of this orga 
zation on the work which has been done in connection with the subject at ha 
{ I better and more 


will be gladly received. Criticism leads to the establishment of b 


and what The 


ip-to-date methods, American society ot Mechanica | nginee! 


ifter, and what I am sure we a 


re all after, is to work hand in han 1 for 


of the cause. 


I also feel safe in saying that The American Society of 
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Will Cooperate in eve ry way in the endeavor to establish some standard set 

rules which shall conform with the views of such able experts as are gathered i 
this meeting It is certainly hoped that the matter presented in this paper 
will receive a thorough discussion, irrespective of whether those who take part 


igree or disagree with the findings of the committer 


bout the same time, a request was made by the comn ittee that 


A committee of the (merical 


it should be allowed to cooperate witl 
Society of Refrigerating Engineers, so that if this general committee 


ecommended certain units. the, would really be used by both Soci 


the \ committee of five was appointed by the American Societ 
Refrigerating Engineers to coéperate with the committee of fiv: 
The American Society of Mechanical Engineers This combine 


tee has alreadv held one meeting and sent. out a circular letter 


e\ lewing the units that ha 


number of refrigerating engineers 


been recommended by the Society , and asking for an opinion regara 


these specifie units \ vreat number of replies had been received 
showing how much interest there is in the s ibject Most of the re 


es sald either that the units were accevtable to those who had rea 


the letter, or that they would leave the selection of the units entire! 


e na sO S nim tee Che committee therefore has a Cl 
1 . 1 
’ DASIS md h pes W nin CoO?! parative Sno { 
( esent ne results of Ss wor 
> 
1) { | | ] r nen by racted the report o he Ga | wer Stal 
Committee, « h he is chairn The revo 
i ITIL Lee i which fhe ( url i rit CPO y 


| of the Gas Power Plant Onerations Com) tee wa re 
ented by F. R. Low in the absence of I. E. Moultrop, chairman h 
er The repo vas discussed bv Prof. R. H. Fernald a 
D. Dre ad Arthur J. Wood 
rHURSDAY MORNING SESSION 
lhe Thursday morning session was devoted to papers on the meas 


irement of the flow of fluids 

lhe first paper presented was on Tests on a Venturi Meter for Boile 
teed DY Prof. C. M. Allen, ol Worcester Polytechnic Institute. Chi 
object of these tests with the venturi meter was to determine how 
well adapted it would be for use in measuring the feed to a boiler, in 
view of the variety of conditions under which it might have to oper- 
ate. The methods of pumping the water through the meter, the dif 


ferent temperatures of the water pumped, various and fluctuatins 
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might be met in actual service, and the results obtained e 
such occurrence would have practically no effect on the 
performance of the work of the meter Though there ar 
the satisfactory operatior one meter the tests 
the venturi meter is sufficienth irate for the majo! 
ial or engineering requireme! 
The paper was discussed | VN. Connet and ( 
Dr. Sanford A. Moss and P L. S. M 
The 1 ( | of Ste \ | 
Siblev. of the 1 ore \ was Ci 
he University of Wisco1 he obi ( 
at he efficien: ot vy no? es } ¢ 
e] l pre ( 1 
( ect on he eftte ely ! uy h ‘ 
evtThods were read ou l this he 
he pressure in tl no | means s( h tubs 
lI he no le 1 I Wit | ( Ol. O he l 
tin an alr-tig! OX at tl end exib st er ibe 
of the tube caused by the reaction of the ne mi 
ilibrated spring The results he tests ind 
eaction Is ected by qauierence pressure bt Cl ( 
the nozzle and the medium surrounding e nozzl h) tl 
clencies of the various nozzles were dete) ( 
error ot 2 per cei ( hat thee el > ected more b 
ness of finish on the inside of the nozzle than | he ¢ 
he nozzle 
\. F. Nagle, A. R. Dodge and Professor Thomas d 
paper, J. A. Moyer submitting a written discussion 
George F. Gebhardt’s paper on The Pitot Tube as a Stea \ 
Was read by the Secretary ! the author's absence Phe 
Oo! a pitot tube system as deseribed in the papel is an accurate lie 
ol determining the velocity or steam at an\ point in a pipe, provid 
the values of the various influencing factors are known; and to! 
lengths of piping with continuous flow, under these condit : . 
an accurate means of determining the weight of steam flowing Unde! . 


average commercial conditions in which the pressulrt ana Qual 


of the steam fluctuate and an average value must be taken for the 
density of the self-adjusting water column, only approximate results } 


tion 


can be obtained, the extent varying with the degree of fluctua 
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one pound of fair bituminous ¢ al per brake horsepower (proportionate 
economies for poorel rades he efficier (*\ and r evTiece 
tiveness of operation ft the nprodaucel ) \ Che I es 


eClc., WAS | l \ 
took part in the discussion: G. M Tait, Prof. R. H. Fernald. W. B 
Chapman, H. M Latham, H. H Suplee, Edw. N Trump, H. B 
Langer, S. ( Smith, Prof. W. Raut nstrauch, and G. D. ( ( 


Ferris on The Bu : eD This } 
Lrnew V\ r r } 

ful prop pp : 
lox rye lVvé i | 


» iW a} Wl A. ‘ 
\ 
rhe paper by Her He Ml 
Or ho! described ne ! e ¢ 
S> 7 . ) ‘ | 
OI Z I ( Z14 ( 
1 
ne we i r ! ( ¢ 
frecsc } r ) ? 
| | 
pearl (| nel Inted r ? ( { 
Consequt el { ) ( { 
ina 56.) pe ( r 
1 
Ie ( ~ } 
} 
Lively. I} rye et re 
l Ly be ( rye ( ? } } 


ittention of ¢ 
that ~ Valve-seat aren ” ! ! is witl ( I 
purpose of specifications { pumping eneine 

ity of flow through the ives, tl 


force water throug h tne 
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and intelligent attention should be fviven to the springs of the valves. 


rather than to valve-seat “areas. If that be 


done, valve-seat areas 
need not be oreat 


er than the plunger area for the vertical triple- 
expansion pumping engines so largely used in city pumps. Prof 
W. M. Kent. A. B. Carhart, Prof. R. C Carper ter and E. H. Foster 


discussed the paper, Contributed discussions were by Chas. \. 


Hague, I. H. Reynolds and F. W. Sal 


mon 


{nother paper by Mr. Nagle, a Re port on Cast-Iron Test Bars 
brought out the fact that test pieces, whether cast in se parate molds 
or in the same mold as the main casting, are not perfec ndic: ns 
of the character of the iron ij the main casting Phe results obtained 
by the author would indicate i probabl Varia ! 1d per cent 
vhere uniformity might be expected A. A. Car nd T. M. Phett 


place discussed the paper, contri 
B. Gregory and Geo. M. Peek. 

Che meeting closed with the following reso] itions, offered by Luther 
1) B irlingame: 


Whereas The American Society of Mechanic: 


il Icngineers at its 
\nnual Meeting, December 1909. desires to express its appreciation 
to those who have provided opportunities for ent nmentand o1 
vena of the visiting members and their guests thanks for the cordial] 
welcome extended by the local members and their frie ds of New York 


and vicinity 


Be it Resolved that the Se retary extend the thanl 


xtend the thanks of the Soriety 
ind express the appreciation of its members and guests to the local 
ommittee for their untiring efforts. to thos ho | ent invita 
tions to visit technical and engineerine works a) i places of interest 


to Mr. Geo. Gibbs, chief engineer of the Pennsylvania Tunnel ai d 
Terminal Railroad Co., and to Mr. Walte: 
inghouse, Church, Kerr & Co., and their as t 

nity to inspect the new Pen: sylvania Railroad station; to Dr. B. T. Gal- 
loway, chief of the sureau of Plant Ind istry, Dep: ron 
ture, for the very instructive and entertaining paper on The Era of 
\crie iltural Machinery, and especially i 
eff 


98 . 
) those males who have SO 
ciently assisted by exten ing a vener 


us hospitality to their guests. 
EXCURSIONS 


As usual at Conventions of the Society there were numerous ex- 


cursions to points of interest in New York and vicinitv 


stituted an important feature of the program for the 


which con 


( ntertainmer { 
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of visiting members and guests. Invitations for these excursions 


were generously extended by many firms and individuals, and through 
the efforts of the Excursion Committee, Hosea Webster, Chairman, 
trips to various plants and industries were arranged, to the represen- 
tatives of which the grateful appreciation of the Society has been 
expressed. 


A list of excursions follows: 


Pennsylvania Railroad Terminal and Passenger Station: Invitation by George 
Gibbs, Chief Engineer, Pennsylvania Tunnel Terminal R. R. Co., and member of 
the Society; Henry R. Worthington Hydraulic Works, Harrison, N. J., by William 
Schwanhausser, Chief Consulting Engineer of International Steam Pump Co., 
member of the Society; Havrison Lamp Works of General Electric Co., Harrison, 
es by George H. Morrison, General Manager; Interborough Rapid Transit ¢ 
central power station at 59th St., New York, by H. G. Stott 
Motive Power, Manager of the Society; Edison factories and | 
at Orange, N. J., by Frank L. Dyer, President of National Phonograph Co., : 
ciate member of the Society; De La Vergne Machine Co., New York, Dy Adolf 
Bender, President; New York Telephone Co.; Gramercy and Stuyvesant Central 
Offices, by E. F. Sherwood, Superintendent of Traffic; Crocker-Wheeler ( 
Lamp Co., Bloomfield, N. J., by Walter Carey, General Manager; New York | 
son Co., Waterside Stations Nos. 1 and 2, by John W. Lieb, Jr., 3d Vice 


Ampere, N. J., by S.S. Wheeler, President, member of the Society; Westinghouss 


-President 
member of the Society; Astoria Light, Heat & Power Co., Astoria, N. Y., by Wil 
liam H. Bradley, Chief Engineer, Consolidated Gas Co., member of the Society; 
Brooklyn Rapid Transit Co., Williamsburg Power Station, by C. E. Roehl, Elec 

trical Engineer; Rockland Electric Co., Hillburn, N. Y.; Singer Building, New York, 


by Singer Mfg. Co.: Trenton Iron Co., Trenton, N. J.: Watson-Stillman Co., Am 
pere, N. J.; Metropolitan Life Insurance Building, New York. 


Every possible courtesy was extended to the visiting parties in each 


case and in some instances special transportation facilities were p1 


i pro 
vided At the Edison Laboratory visitors were met by Thomas A 
Edison, Hon.Mem.Am.Soc.M.E., who personally explained man 

I : . 
points of interest about the plant In order to avoid confusion, 


arrangements were made to assemble at the various manufactories 
at a time and place indicated in the program. The Information 
sureau, located in the foyer of the building, under the chairmanship 


hililiali 


of F. E. Idell, was of material aid in this connection 


ENTERTAINMENT FEATURES 


The Ladies’ Reception Committee, composed of ladies resident in 
and about New York, under the chairmanship of Mrs. Herbert ‘ 
Torrey, contributed much to the pleasure of members and 


of the Society. Tea was served from fou until 
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day, Wednesday and Thursday afternoons during the conventiol 
in the Jadies’ headquarters In the reception OO tl et) 
eleventh floor. Mrs. George H Westinghouse was the iest 
committee on Wednesday afternoon 

A number of excursions to shops and hotels were arranged and suc- 
cessfully carried out under the guidance of members of the committee. 
The kindness of Mr and Mrs. John W. Lieb, Jt , made possible severa! 


enjoyable automobile rides through Central Park and Riverside Drive. 








MEETINGS OF THE COUNCIL 
DECEMBER 7, 1909 


A meeting of the Council was called to order December 7, 1909, 
in the rooms of the Society, with President Smith in the chair. 
There were present at the meeting Geo. M. Basford, Geo. M. Bond, 
1. P. Breckenridge, R. C. Carpenter, H. L. Gantt, A. C. Humphreys, 
J. Miller, A. M. Waitt, Past-Presidents Charles Wallace Hunt, 
R. Hutton, Ambrose Swasey, F. W. Taylor and 8. T. Wellman, ane 
alvin W. Rice, Secretary. The Council was especially ple ased Lo 


‘ 


L. 
F. 
F. 
C 
have present John Fritz, Honorary Member and Past-President 

The minutes of the previous meeting were read and approved. 
The Secretary reported the deaths of Charles H. Willcox and William 
Metealf. 

The amendments to By-Laws B-6, B-7, B-12, B-13, B-18, B-19, 
B-27, B-28, B-34, and B-36 and the new By-Laws, one providing 
for the appointment of a Trustee of the United Engineering Society 


and one respecting The Journal of the Society, were approved. 


EXECUTIVE COMMITTEE 


Voted: That the Council sees no objection to any group of members 
selecting their own fiscal agent or correspondent, through whom the 
transmittal of their dues and other indebtedness to the Society may 
be made. 

Voted: ‘To refer the communication of the Western Society of 
Engineers, regarding the revision of the building laws of the State 
of Illinois, to the Public Relations Committee, to be appointed. 

Voted: To approve the exchange of house and library privileges 
with the Louisiana Engineering Society. 

The Secretary reported that circulars regarding the Joint Meeting 
in England had been issued to the membership and 116 favorable 
replies had already been received. 

Voted: That the Council approve the recommendation of the 
Executive Committee approving codperation with the Association of 
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American Steel Manufacturers to secure the general adoption of a 
system approved by a committee of the Society, December, 1894 
Trans., vol. 16, p.32), to call the thickness of metals by their dimen- 
sions in decimals of an inch rather than by arbitrary number, and the 
Council recommends that the President appoint a committee to 
cooperate with the Association. 

The following were constituted such a committee: S. T. Wellman 
and George M. Bond. 

The resolution referred to the Council from the Washington meet- 
ing, regarding the increase of facilities of the United States Patent 


Office, was laid on the table. 


FINANCE COMMITTEE 


The following resolutions were received from the Finance Committee 


and on motion approved: 


] ce ( | ( Coun that the transter 
() Ce f the Reserve Fund of the Current Income Account be discontinued 
( 1 \nr Re} 

I eC ! ith | charg i ul Annual Meeting Sub 
cri} m Fu mely, $205.60, whatever lls may have been incurred by the 
hee n behalf of the Local Committee for the Annual Meeting, and the balance, 

: he ‘Trea | Committee of 1909 


Voted: To approve the recommendation of the Finance ¢ ‘ommittee 
that a committee be appointed to take up the consideration of the 
question of increasing the membership and providing ways and means 


to put the same into effect during the coming year. 


LIBRARY COMMITTEI 


Voted: To adopt the following resolutions of the Library Commit- 


tee but with the amendment that the House Committee have the 
first option on duplicate books, to enable that Committee to furnish 


the reception room: 
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MEETINGS COMMITTEE 


Voted: To receive the resolution of the Meetings Committee, 
to whom had been referred the action of the Council on a Machine 
Shop Section, but to amend to read: 


Voted: To advise the Council that the Committee is in accord with the pla 
of the Council for carrying out the purpose of a Machine Shop Section throug! 
committees appointed by the Meetings Committee and not by the formation otf 
a special section; and that the Committee will proceed to such plans as soon : 
possible. 


Voted: To approve the recommendation of Atlantic City for the 
Spring Meeting of the Society, May 31 to June 3, 1910. 


STUDENT BRANCHES 


Voted: Onrecommendation of Professor Hutton, Chairman of the 
Sub-Committee on Student Branches, to approve the applications 
of the University of Nebraska at Lincoln, Neb., and the University 
of Missouri at Columbus, Mo., to form student branches of the Society. 


A communication was read by the Secretary regarding the possi- 
bility of holding meetings of the Society in Chicago, along the lines 
of those in St. Louis and Boston. 

The Secretary presented a draft of the annual report of the Council 
which after amendment, was approved and ordered filed and printed 
as the report of the Council for 1909. 

Voted: That the Library Committee be requested to give con- 
sideration to the question of procuring and caring for a collection 
of lantern slides. 


THURSTON MEMORIAL 


Dr. Humphreys reported the intention of the Thurston Memorial 
Committee to have the dedication exercises in February at the 
regular monthly meeting of the Society, and requested suggestions 
from the Council of suitable speakers for that evening, covering the 
various phases of Dr. Thurston’s life work at the Naval Academy, 
Stevens Institute and Cornell University, as well as his laboratory 
and research work and work in connection with the organization ol 
the Society. 


The meeting adjourned, 
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DECEMBER 10, 1909 


A meeting of the Council was called to order by Jesse M. Smith, 
Past-President, on December 10, 1909, in the rooms of the Society. 
Mr. Smith appointed Vice-President R. C. Carpenter and Manager 
I. E. Moultrop a committee to introduce to the Council the Vice- 
Presidents-elect and Managers-elect, and Past-Presidents Taylor 
and Hutton to introduce the President-elect, George Westinghouse. 

Mr. Westinghouse then took the chair. 

There were present at the meeting: President, George Westing- 
house; Vice-Presidents, Chas. Whiting Baker, Geo. M. Bond, R. 
C. Carpenter, W. F. M. Goss, E. D. Meier, F. M. Whyte; Managers, 
J. Sellers Bancroft, H. L. Gantt, James Hartness, Alex. C. Hum- 
phreys, 1. E. Moultrop, H. G. Reist, H. G. Stott; Past-Presidents, 
F. R. Hutton, Charles Wallace Hunt, Jesse M. Smith; Chairman 
Finance Committee, Arthur M. Waitt, and Secretary, Calvin W 
Rice. Regrets were received from Treasurer, Wm. H. Wiley, and 
Manager, W. J. Sando. 

The minutes of the meeting of December 7 were read and approved. 

In the absence from the room of Calvin W. Rice, Secretary of 
the Society for the year 1909, H. G. Stott acted as Secretary pro tem. 

Voted: That Calvin W. Rice be elected Secretary for the year 
1910 on the same terms as the previous year. 

Voted: That F. R. Hutton be elected Honorary Secretary for 
the year 1910, on the same terms as the previous year. 

Voted: That Jesse M. Smith, Past-President, be elected Trustee of 
the United Engineering Society to serve for a term of three years, 
to fill the vacancy created by the expiration of the term of office 
of Charles Wallace Hunt. 

Voted: That Henry R. Towne be reappointed a member of the 
John Fritz Medal Committee, under the provisions of C-46 and B-32 
to serve for a term of four years, to succeed himself. 

Voted: That the Council delegate to the President the appoint- 
ment of the Executive Committee of the Council for the year 1910 
and until the appointment of the new Executive Committee the 
present Executive Committee continue in service. 

The meeting adjourned to January 11, 1910. 





THE NEWLY ELECTED OFFICERS FOR 1910 


GEORGE WESTINGHOUSE 


PRESIDENT Am. Soc. M. | 


George Westinghouse, a son of George and Emeline Vedder West 
inghouse, was born at Central Bridge, N. Y., October 6, 1846 H 
father was a manufacturer of agricultural machinery , and established 
works at Schenectady, which are still in operation. The younge: 


Westinghouse was educated in the public schools and at Union © 
lege, Schenectady, and received his early mechanical training in his 
father’s manufactory. His tastes were strongly in the directio1 
machinery and the solution Ot mechanical prob! ms. 

The patriotic ardor which filled the youth of the country duri 
the civil war drew young Westinghouse into the volunteer an 7 4 
June 1863. He was under seventeen, but on account of his size and 
strength—he was six feet tall and weighed 180 lb.—the recruitin; 


officers admitted him without asking his age. He enlisted with tne 
Twelfth New York National G lard. Subsequently, he joined th 
Sixteenth New York Cavalry, and in December 1864 became 
assistant enginee! in the | nited States Navy servi u in that capa 
until August 1865. 

Returning to civil life he invented in the same year a device for 
replacing derailed ears, and while placing this invention with tne 
railroads his attention Was attracted by the prevalence Of ni in r and 
serious accidents due to the lack of efficient means for controlling 
trains in motion. After a careful study of the subject, and sucl 
experiments as were possible with the limited means then obtain- 
able, he invented the air brake and patented it in 1868. 

The first train to which this br: e was applied ran On a line west 
from Pittsburgh and on what is now a portion of the Pennsylvania 
Railroad. During the trial trip a collision with a loaded team stuck 
on a grade-crossing was prevented 
the utility of the invention led to the adoption of the brak Mr. 
Westinghouse, retaining the control of his invention, undertook to 


manufacture it and organized the Westinghouse Air Brake (¢ ompany, 
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VICE-~-PRESIDENTS 
CHARLES WHITING BAKER 
Charles Whiting Baker, editor and vice-president of Engineering 
News, was born in Johnson, Vt., January 17, 1865, and was 


educated at the State Normal School at Johnson and at the 


University of Vermont. He received the degree of Civil Engineer 


from the latter institution in 1886. During his course Mr. Baker 
spent Ol ition aA aid on triang ilation work for th | nited 
States Coast nd Creodet Su r Y) Vermont anda on gg! iduation 
he worked for a few months im the draft room of the Baldwin 
Loc Ol ( W or] - il P} eCip! P 

Le ng tl al O! n Kel i ISSY ti f me a ite editor 
of Ky neering N ¢ of New \ } \l RB ( | maw r] ic] 
has claime nis attentio1 since > e 1892 e Nas been in 
? icti r e of the editor | 1e} rtiment re I n LS95 on 
the death of A. M. Wellington, managing ed | secretary of 
the company Ten years later he became f resident 


Mr. Baker published in 1889 an economic work, Monopolies and 
tne People and he has contributed to the Societ a papel entitled, 
W hatis the He iting Surface of a Steam Boil presented in Jung LSOR, 
He joined the Society in 1893, and served on the Meetings Committee 


from 1905 to 1908 


WILLIAM FREEMAN MYRICK GOSS 


William Freeman Myrick Goss was born in Barnstable Mass., 
October 7, 1859. In 1879 he received the certificate of the Massachu- 
setts Institute of Technology, and afterwards the degree of Hon 
ML.S., from Wabash in 1888, and D.Ene., from the niversitv of 


[llinois in 1904. 


In 1879 Dr. Goss became an instructor in the department of 
mechani t Purdus niversit ned in the service of 
that institut ba ( I ( ! PSSIVE pro 
( ( ( practi echal » TSS3 ! ‘ erimenta 
Chg l ll ISSO Hi V idi¢ i ( { neimes lo 

‘ 
laboratory in 1899, and dean of the CHOOL ¢ engineering in |LYOO 
In 1907 Dr. Goss entered the Universit O Inoils as dean of the 

1) ru P P , , 

eonege Ot eng ering and att yt ) ! noo ) rs Va engineer 


ing and administration 
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Dr. Goss served on the jury of awards for the Columbian Exposi- 


tion in 1893, and has been a 


member 


since 1906 of the executivs 


committee of the National Advisory Board on Fuels and Structural 


Materials. He 


Advancement of Science, and a 


is a fellow of 


motion of Engineering Education, 
Western Society of Engineers, the 
the Illinois Academy of 
the Master Mechanic 


Testing 


Kngineers, 
\ssociation, 
Association fot 
neers and Surveyors 
Dr. Goss has made 


. ] 
a specialty 


investigating largely the economic 


the 


member of 


\laterials 


the 
P} 
the 


American Association for 
the 
Western Railway Club, 
Institute of El 


Science, the Master Car ] 


Society Lo! the O- 
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(\merican 
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pressure in locomotive ser superheated stear 
service, behavior of car axles. f ection brakes. front-¢ 1 oy cement 
of locomotive fuel briquets locomotive I ! I 
sion by friction wheels, graphite as ibricant, et 

Dr. Goss is a life member of this Society, whi ent ISSO 
He was a member of the board of nagers 1900 to 1903 
has served on many committees He ha onti l ne 
papers: The Cole Locomotive Superhe er: A Series D \ 
tus of High Efficiency; The Effect of the Counterbalance in Locomot 


Drive Wheels upon the Pressure br 
Ten-Horsepower DeLaval Steam 
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Ifficiency Tests of 


The Effect u 


Gas Engine 
power (yas Kneis 
(‘onnections fe 
Station 
Po 
Natio 


Engine at the Riversids 


Locomot Ve Testing PI ints 


The 
Civilization to the 


Conservation of the 


Steam Enein 


Colonel kKdwat | Da \T 
Heine Safetv Boiler Com ) 
184] \t the close of : 
Louis, he studied ir ve 
over, from 1859 to 1862. He is t 


Wheels 


( )y 


r Steam-Engine Indi 


f 4 
) 


tween Whee und 
New 


the Laborato f Purdue 


Turbine; 
at 
Tests of 

Hundred Twenty-l 

1) 


rie 
the 


itors: ‘Test f the Snow 


ne Indian Dol 


ver Transmission by Friction D1 
uel Supplv: The Debt Vioder1 
[EL MEtER 
( ient ! ( 1 
! » St. Le | \| ou, 
Wash 1 | “~ 
<0 Polytecl Har 








SOCIETY AFFAIRS 33 


Locomotive Works at Taunton, N. J. He left this company for 
military service, part of the time doing construction work as assist 
ant engineer on the defenses of New Orleans 

In 1865 Colonel Meier entered the Rogers Locomotive Works at 
Paterson N. J., as machinist and draftsman, During the 
ten years he held 


next 
various important positions with the Kansas Pacific 
Railway, the Illinois Patent Coke Company, the Meier Iron Com- 
pany, the St. Louis Interstate Fair, and the St. Louis Cotton ] actory. 
From 1876 to 1879 he was designer and superintendent of the Peper 


Hydraulic Cotton Pre ss, and after two vears of varied administrativé 


work became president and chief engineer of the Heine Safety Boller 
Comp vi iffices he still holds During that period he has 
{ { ' tins } , , +} ’ , ; Poi . f . 
CLed i CO 1] Ing e] et on { } | eDO L\aLIWAY OT St 
Lou 5, consti icting une first electri 1) tat il tl it CIty and 


from 1902 to 1908 as engineer-in-chief and treas 


\merican Boiler Manufacturers’ Association, and the Machinery 


ocietv in 1891 and 


’ Nagel , IS9O5 to 1898 nd as vic president 
, ISOS LOO0 
VAN \ I} ~~! 
SELLERS BANCROI 

\l J ., " ) \ rn sept ( |? 1S4 ind Wiis 

lu . } ol P} var } 

In March 1861 he was apprenticed to th whinery business with 
Wi Pel Ww ' WI1tD hom he yw vivanced to gang foreman 
in 1863 re ympletion of his apprenticeship, and shop fore 
! l SO 4 e a member of the firm in 1873 and manager 
of the business fro: ts incorporation in 1887 to January 31, 1902, 
vhen he left t company ecome general manager and mechanical 


builders of 


el 


rt ng and composing machine \[r. Bancroft hastaken 

{ nat chine tools. nee 

> ect i 1 Lype sting and 

cy i ! { l 11s IK Ul ] esent condi- 

machinery Hi rece ve i eold Thi lal trom thy 

|? , ate’ ) ISSO t) ! ( ons machine tools and 
nyect there shown 
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Mr. Bancroft is a member of the American Association for the 
Advancement of Science, and has been a member of the F ranklin 
Institute for over forty years He entered this Society in 1880. 


JAMES HARTNESS 


James Hartness was born in Schenectady, N. Y., September 3 


1861, and received his early training in the public schools. After 
seven years of experi nce as machinist, toolmaker and draftsman, 
he became foreman and designer for the Union Hardware ¢ ompany, 
of Torrington, Conn., a position which he relinquished after three 
years to become superinte ndent and designer for the Jones & Lamson 
Machine Co., of Springfield, Vt. He has had an active part in the 
management of this firm for nearly twenty-one years, and has been 
its president for the last nine years. Mr. Hartness is also presi 
dent of the Bryant Chucking Grinder Company, treasurer of th 
Jones & Lamson Power Co., and director in a number of othe 
machine tool building companies. 

He has taken out seventy | nited States patents beside many 
pending, his line of Invention being machines for met tur! 
notably the flat turret lath 

Mr. Hartness published in 1909 a work on Machine Building for 


1 } 


Profit and the Flat Turret Lathe, and has contributed to the Society. 


papers on Lead-Controlling Screw-Cutting Dies, and Tandem Dies, 
in 1897, and Metal-Cutting Tools without Clearance. in 1908 
He joined the Society in 1891 and is a life member He is also a 
member of the Institution of Mechanical Engineers of Great Britain. 
the American Society for the Advancement of Science, the American 
Institute for Scientific Research, and the Boston Chamber of Con 

merce, as well as the Engine ers’ | lub, and Various othe r social organi- 


zations. 


HENRY G. REIS1 


Henry Cz: Reist was born near Mt. Jor Lancaster County, Pa 


May 27, 1862. He received from Lehigh University in 1886 th 


degree of M.E. The same year he entered the fo ndry and machine 


il 


department of the Harrisburg Car ¢ ompany. After a year of testing 
and erecting steam engines he became assistant Iperintendent ol 


the company 
Leaving in the spring of 1889 to join the engineering excursion 


to Kurope, he became associated on his return with the Chomson 
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Houston Electric Company, at Lynn, Mass., having charge of the 
construction and testing of a large number of direct and alternating- 
current dynamos and stationary and railway motors. Soon after the 
consolidation of the Thomson-Houston ‘ ompany with the General 
Electric Company, he took charge for them of the design of alter- 
nating-current generators and motors. When he was first engaged 
in ele ctrical work, the largest mat hin manufactured by the com- 
pany with which he was associated, was of 100-kw. capacity; now 
14,000-kw. generators are regularly produced by this company. 

Mr. Reist entered this Society in 1889 and somewhat later became 
a member of the American Institute of Electrical Engineers. He 
has contributed to the Society a paper on Blueprinting by Electric 
Light, and has presented papers before the American Institute of 
Klectrical Engineers, and the Ohio Electric Lighting Association 


of Engine Builders, as well as a number of 


lectures to engineering 
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OTHER SOCIETIES 
AMERICAN EXPOSITION IN BERLIN 


As the first all-American Exposition ever conducted in a foreign 


Immer Ol 


country, the exposition to be held in Berlin during th 
1910 will offer peculiar advantages to American manufacturers. 
A freight reduction of 30 per cent both ways, granted by the Ham- 
burg-American and the North German Lloyd lines, the remission 
of customs duty by the German Government, and the existence 
of the German-American patent treaty, which relieves American 
inventors from the necessity of obtaining patents in Germany, ar 
among the inducements offered to exhibitors. The date set for the 


| ] } 


opening is June 20, and the exposition will be in progr ss three months. 


The exhibits will be carefully classified, the present plans including 
sections to be devoted to inventions, transportation, social economy 
and industrial safety, agricultural implements, machinery of all kinds, 


etc. Germanyin 1908 consumed American products to the amount of 


$276,922,089: to say nothing of her influence on the trade of Kurope. 

The American headquarters for the exposition are in the Hudson 
Terminal Building, 50 Church St., New York, James L. Farmer, 
General Sx cretary. \iembers of the Soci ty acting on the advisory 
committee are, C. A. Moore, Francis H. Stillman, Ambrose Swasey; 
and on the general committee, James M. Dodge and Thomas A. 


Edison, Honorary Member. 


in the auditorium of 
lb, a paper entitled Comme! Development and Operation. ol 
Hydroelectric Plants, w i by Henry L. Doherty, Member 
Am.Soc.M.E. The meeting wa under the auspices oF the High- 


Tension Transmission Com: 
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WESTERN SOCIETY OF ENGINEERS 


The Western Society ol Enoineers has appointed tine following 


as a committee to confer with the Chicago City Council and the 
Harbor Commissioner regarding harbor improvement and develop- 


ment: A. Bement, Mem.Am.Soc.M.E., C/ man, W. L. Abbott, 
Member of Council, Am.Soec.M.E., L. |] fitter, EK. ¢ Shankland, 
Mem.Am.Soc.M.E., Willard A. Smit] 


AMERICAN INSTITUTE OF CHEMI ENGINEERS 
TI innual meeting of the American Institute of Chemu Ng1- 
neers was held at Philadelphia, Pa., December 8 to 10 Che address of 
welcome was made by Mayor John E. Reybun lhe following papers 
were presented for discussion: Natural Draft Gas Producers and 
Gas Furnaces, Ernest Schmatolla; The Commercial Extraction of 


(reas and ©) 2 \\ \I Booth: The he 14 il Indust ec of \(merica 
Prof. Chas. E. Munroe; Multiple Effect Distillation, F. J. Wood, 
Mem. Am.Soc.M.E.; The Advantages of the Multiple Effect Dis- 


tillation of Glycerine and Other Products, A. C. Langmuir; Reclaim 


| x Irslo!l ( l¢ to the labor 1 ( Lhe Uy eTSsIt\ of 
Pe} ’ (‘or il M e chem vorks of 
Hat n Bros. & Co., the Torresdale | ition Plant; the wool-de 


pany, the plant of the Camden Coke Company; the Trenton Potteries 


Rubber Company; the Linoleum Works; the cement 


the Hamilton 


plant at Allentown, Pa. 


NATIONAL SOCIETY FOR THI PROMOTION OTF NDUSTRIAL EDUCATION 


} 


The National Society for the Promotion of Industrial Education 
held its third annual convention at Milwaukee, December 2-4. The 


convention was opened with a public banquet at 


the Hotel Pfister, 
at which James O. Davidson, Governor of Wisconsin, presided. Ad 
. ' » Ges «} . — . ; 7 

dresses on the 'Economic, Value of!Industrial Education were made by 


Charles Van Hise, President of the University of Wisconsin, George 





Martin, former secretary 
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Water Heate rs, G. W. Savage. On December 17 a joint meeting of 
the Association with the New York Section of the Illuminating 


Ll ( ’ Cid { iPine 


r eties Buil 
ing, New Yor 8 , A e papers presented 
o1 ng: The | [rade Merchant 
\I ~ Be | G. W. Dickie 


i LiICaUs, y 
Prof. William Hovgaard; The Design of Submarines, by M. F. Hay. 
Phi Lice elected art pre ient, Steve l‘aylor, Met m. 
soc. M.1 v1ce-] lents, J. W. Miller, Rear-Adm. Geo. W. Mel 
| vie ers of Council, Wm. J. Baxter, 


li \ rbes, Me Am.So 
MII \ | \I \m.Soc.M.k., H. A. Magoun, Men 
A{m.Soc.M.1 | . e M of | neil, J. S 
Hyde, A {m.s l.k., C. B. O1 
NGI Io] ( | ST LOUIS 


\I. L. He in, Past-President 
| \ lau ecretary-libraria 
\. S. Langsdo1 easurer, C. M. Talbert: d tors, J. W. Woert 
nd H. J. Pfeifer el the 1 of managers, Association 


nannp 


he business of the evening was followed by an illustrated address 


on Reinforeed-Concrete Construction by A. J. Widmer, of the 
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BROOKLYN ENGINEERS’ CLUB 


The Brooklyn Engineers’ Club held its annual meeting in the club- 
house, 117 Remsen St., on December 9 The annual re ports f the 


various committees and the Board of Directors were read | pon 


| or i. 


motion it was voted that the election of the new bo 


ro { tt Y 
ai 


ara © OLLICel 
take place during the annual dinner, Thursday, December 16, at 
which time the following were elected: President, George A. Orrok 
Mem.Am.Soc.M.] secretary, Joseph Strachan; treasurer, Willian 
T. Donnelly, Mem.Am.Soc.M.] directors, William Andr 
Frederick C. Noble; auditing committee for one year, Fre 
Cranford, Jacob Schmitt, Geo. A. Hartung. During t after 
noon and evening ol the sa 
the scientific books of the year, phot aphs and ] 


work was opened 
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George L. Crook, recently in charge of tl 


le manulacturing organizat 
E-M-F plant at Detroit Mich.., has entered the employ of the M. Rume 
Porte, Ind., as works manage! 

Henry L. Doherty presented a paper entitled, Comment n the D 
and Operation of Hydro-Electrie Plants, at the De Y 
American Institute of Electrical | " 


Carl S. Dow contril an article o1 iel Eeone er to the Dec 
issue of The r ctical ngineer. 
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stations and chief engineer of 
R. R., Brooklyn, N. Y. 


Walter H. Trask, Jr., has b 
Engineering Works Company, 


sales manager in the company 


Fr. J. Wood prese ited a 
8 to 10 meeting of the Am 


delphia, Pa 
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THE ELECPRIFICATION OF TRUNK LINES 


By L. R. Pomeroy, New Yor« 


Member of the Society 


It is assumed from a physical and mechanical viewpoint, that 
electric traction can meet all the demands and requirements of rail- 
road service. Therefore, whether electricity will replace steam 


raction or not Is entire ly a commercial proble n 


[THE COMMON DENOMINATOR—COMMERCIAL CONSIDERATIONS 

2 It may be stated at the outset that whatever system of elec- 

Si es ie ee ae Say Seen | ee bn eo oe 
trification is adopted, a very large outlav has to be faced and no east 
for electrification can be made out unless an increase in net receipts 
ean be secured sufficient to more than pay interest on the extra capital 
involved Chis increase may be brought about either by decreasing 
the working expenses for the sam«¢ service, by »>moQd ving the service 


as to bring in a greater revenue, or by a combination of these. 


3 However, there is hardly a steam road in existence to-day which 


does not have divisions or sections, where distinctly local traffic 
can be handled more profitably by light, comparatively frequent 


electric service, than as now with heavy steam trains Both steam 
and electric service can be operated over the same tracks without 
detriment or embarrassment to either. In so doin 


or each kind of 


(ommenting on the problem of « ectriheation of! the ( central Pac ne ove! 


the Sierr Mr. Kruttschnitt Says: — Kastern critics may be inclined to the 
opinion that we are dallying with tl matter. We have found 

W ¢ KE ( ly it! regard tf I ( | I 
mou il i not carry ft e app that it d ) Ag’ 
Oil g locom¢ es are so ng the probiem very sat 

Ma npound ( { hav ra orse pi { n ¢ { ( UUU, hauls 
Ss gre oad as o of fe er types, burning 10 per cen i I 
iming oU pe ( ess iter Wall St J 


Che American Society of Mechanical Engi: 


All papers are subject to revision. 
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total operating expense. A 2-8-0 locomotive with 50 sq. tt. of grate 


A 


surface burns 300 Ib. of coal per hour while lying on side tracks 


Reports trom Mallet locomotives indicate that from 600 to 800 
are burned per hour under the same conditions 


14 The cost of a unit of power with the steam locomotive becor 


relatively higher under maximum than minimum boiler demar 
while with electricity the cost per unit is at a uniform rate, whet 
working under extreme or light power demands 


For example: 


15 Case 1. \ consolidation (2-8-0 type locomotive with 180,000 


lb. on 57 in. drivers, 50 Sq. ft. of grate surface. wor! Ing unde} 
mum conditions on a 14 per cent grade, would burn 150 Ib. of 
per sq. it., of grate surface per hour and evaporate from 12 to 15! 
water per sq. ft. of heating surface per hour. Under these cor 


the cost per 1.000 ton miles would figure out es follow 


F ™ price per ton > Rx 1000 
Cost per 1,00 
2000 X m.p.h. xX E T'} 
where / ( per hour 150 Tt ) 1. { ( v 
R re T ce To he el e [(grade pe () 
iD SO per cent efficiency to cover losses sucl s cle 9 
while under steam, cylinder condensation pu 
t { 
T'] tractive fore n this case 180.000 Tt ir 1: j WH) 
subst { g the ¢ ul ue he for i ( r 
7.500 |b $2 85 « 36 * 1.000 
21.20 
2 OOO LO X() 10 000 
if the same servic« nand | ¢ tric locomot 
Dasis becomes 
R watt hr. pertonr ( 1 000 to 
1 OOO watts 
36 x 2 1.000 * $0.01 
: S10) O0 
1.000 
Li If locomotive coal is taken at $1.70 per ton the price in east 


Pennsylvania for low grade soft coal), the cost for coal for locomot 


under the foregoing conditions would be 
of - ee ie, 
Qt, ) Si). 7 16 


} 
it) 
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h) Electric current reduced to le. per kw. hour at the rail: 


0.90 * le 


18 Case 2 An express passenger locomotive of the Atlantic 
— ; , a ae : 
1-4-2) type, with the following data: Cylinders 21 by 26 in., boiler 


pressure 200 |b. per sq. in., weight on drivers 102,000 ib., heating 
surfac rate of combustion 150 


e 2,821¥sq. ft., grate surface 50 sq. ft., 
of grate surface per hour, speed 70 miles per hour. 


Il) ner « | 
iI pe q. I 


Figuring as in Case 1. 


7.500 S55 & my « 1.000 


— ~ $0.71 
2000 « 70 &* 80% X 5.350 
Under electric conditions we have 
20 2 * $0.01} * 1,000 tons 
SU ov 


1.000 watts 


or 284 per cent less 

19 If coal is taken at $1.70 per ton, as in Case 1, the cost is reduced 
from $0.71 to $0.42, making the difference slightly in favor of steam. 
20 These figures apply only to the conditions named, and average 
conditions on an undulating profile, when coasting is occasionally 


e. With the benefits of momentum grades, also, the figures 


nossibl 
would be relatively less, but the electric locomotive would respond 


ind benefit accordingly, so that the percentages would be approxi- 
mately the same. 


21 When steam locomotives are loaded to their capacity, as is 


generally the case where tonnage rating is practiced, the rate of com- 
bustion of 150 lb. of coal per square foot of grate surface per hour, 


A 


will still hold good and remain constant, the tons hauled being the 


} 


arlable, re sponding or being mo lified by the spee | or physical con- 


ditions of the road 
SAVINGS CLAIMED FOR ELECTRIFICATION 


22 In view of the foregoing the tollowing extract from an article 


by Mr. C. L. De Muralt will be of interest. The figures are from the 
annual report of 1903 of the roads named. 


i 
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time the locomotive is performing useful work =28 per cent—. e., 
actually pulling trains, 3,000 miles per month, 100 miles per day; 
( dD. the pe riod 


while the portion of the diagram bounded by g z 
or balance of the time that the locomotive is under steam, with crew, 
and ready to go, and represents the time at terminal yards, side tracks 
and awaiting orders, etc. = 50 per cent. 

29 It is just here that our electrical friends make the great mis- 
take of claiming ‘‘greater capacity” for the electric locomotive 
over its steam equivalent. It is conceded that under electric con- 


ditions the area A B x y may be reduced as much as one-half and 


perhaps, owing to greater speed, the area x y gq z may be increased . 
but the “lost motion” period due to craffie and operating causes 
be relatively the same for both. The percentages are from an actua 
three months’ test on a trunk line reported in1904 in the proceedings . 
of the American Railway Master Mechanies Associatio 
committee on time service of locomotives. 

30 The only cases where electric operation is commert \ ti- 


fied is in congested local passenger situations where the conditior 
closely approach those of a “‘moving sidewalk’? and the rec 


show that these cases have been profital i only 


hen a larg 
in business has been realized. 

31 A modern Atlantic 1-4-2 ype locomotive we ighs Including 
tender, 321,620 lb. with a maximum tractive force of 23,500 Ib. The 
tol. The New \ 
Central electric locomotive, with a total weight of 192,000 Ib. and a 
tractive effort of 27,500 lb. has a ratio of 7 to 1. The comparison 


ratio of total weight to tractive power is 13: 


is still more favorable for electric freight locomotives where the entire 


weight ison the driving wheels. 


POWER STATION CAPACITY 


32 The impression is quite prevalent that if 100 steam locomotives 
are required to operate a certain division, if operated electrically 
a power station capacity the equivale nt of 100 locomotives woul 


be necessary, whereas the generator capacity, barring the installation 
of spare units, would be of such size as to meet the average loa 
This average can be determined by laying down a train sheet, from 
which the load at any hour in the day can be seen and the peaks 
located. 

33 For ordinary computations the number of trains to provid 
for is, approximately: 

The total train miles per hour 


Mean speed 
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This formula is the result of cancellation from the following: 


That is: 


5.280 Dis. miles < (No. trains x (Tons xR 


47 520,000 ft. Ibs. in 1 day 


Tons X R X m.p.h 


pf , 
R é ora $ lu irve resistance. 
Ir g 
D I ( No i 

4 : 

= t 
| i 1) 5 

AD AVERAGE SPEED 

7 | fr | 15 m.p.! a7 LD 1 D h 555 
22 Express« it 50 m.p.h 22 X 50 m.p.h. = 1,100 
21 Lo S it 560 m p.h 21 x JU M.D h 630 
SO Trains total Rf) 2 285 
2,285 + 80 28 average m.p.h 


80 trains X 183 miles 
22 trains 
24 hr. X 28 m.p.h. 


34 For more accurate work a train sheet should be made either 
with miles as ordinates and time as abscisse, or one with trains 
as ordinates on a time (abscissa) base. 

ST) Relative to R (7.e., resistance for gravity; divide the profile into 
} } 


sections, one for each change in grade, plus or minus as thecase may be: 


Pe recent grade 


D X 52.8 &* 
| ] g le 2U R <x I 
R te es 0.56 Ss. pel legres 
R for level sec + <== 
4 
D miles 
5 Consider the example of a road or division 100 miles long on 


which a given train requires 2,000 h.p. to keep it in motion. If 20 
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cars take a maximum of 100 h.p. each, the electrical conduct 
distributing apparatus will n 
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report as to just what the proposed rearrangement would amount 
to. The rate of 50 cents per train mile is to cover those items of 
cost directly affected by the change. 


No. of 1,350 tons present ¢ maitions | 
» | 
trains per ? . l 
day—7 } 1,600 tons proposed | 
Div. of . 
Ho 
225 Oc x S45 O00) 
Miles 
45 Under the circumstances it will be seen that the value of 1 
per cent reduction in train mileage per mile per train, amounts t 
$1.95 per annum. The total amount capitalized at 5 per cent equals 
$919,800. In some such manner the steam railroad manager arranges 
the proposition of the electric scheme and de cides accordit o 
SOME EXAMPLES 
46 In a paper before the Ame ican Pociety of ( 1V1 Keneineeis 
by W. J. Wilgus, some interesting data concerning New York Cent 
operation were given: 
Cost of coal per 2,000 lbs. anthracite steam loco., terminal service $4.46 


bituminous coal, road service 3.12 
” power station By 
Water per 1,000 gallons 
Power station.. 


Road service 


47 The cost of curr nt, when powel station de signed loa lis attains ad 


is 2.6 cents per kilowatt hour delive red at contact shoes This includes 


all operating and maintenance costs, interest on the electrical invest 
ment required to produce and deliver current, depreciation, tas 
insurance and transmission losses. The following table 


the data: 


SumMMa;riZes 


Operating Fixed Charges ( 
Items Costs 
Power Station .. 7 0.58 ets 0.44 ets 02 
Transmission Losses 0.19 cts 0.15 ets 0.34 
Distribution Syste ms 
Substations - 0.32 ects. 0.92 cts 1.24 cts 
Totals : 1.09 ets. 1.51 cts 60 cts 
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—— . 

48 In a discussion by G. R. Henderson (page 102, Vol. LXI, 
Trans. A. 8S. C. E.), are given road service costs per 1,000 car tor 
miles 

Steal | 
——— $2.03 $1 
Wage 1 9R 
est. depre = and reneies 
omot r 0.46 0) { 
$2.77 $2.02 

19 The item “Electric Supplies” is composed erating ex- 
vnses and fixed charges and m L\ be analyzed thus 

- kw. hour at 80.0109, $0.5S operatior 
235 KV OOLST 0.79 fixed } ri 

0.026 1.37 
| 
I POT cal re Ours Phi qdillerence COS hpetween Teal wa 
( traction in road service is $2.77 2.02 $0.75 per 1.000 ear 
on miles 

50 The fixed charges on the power plant and the transmission sys 
tem are $0.79 per 1,009 car ton miles, or about the eas the saving 

tr) + 


O iat lH the train movement were but one -half the assunn ! amount 


veraging 0,000 horse-powel at the rails, or 6,000 kilowatts at the 
station) the cost for electric service would be slightly higher than for 


f 


eam, or $2.81 as against $2.77 per 1,000 car ton miles 
1 The Manhattan Elevated, with about 38 miles of road, was 
electrified at an expense of $17,000,000. The operating ratio, under 
electric conditions, has been reduced from 61 to 46 


per cent ol 
OTOSS receipts The net result after taking care of the Increased 
capital, ete 


.. shows 15 per cent profit, but it is a significant fact that 


the increase in business was 46 per cent (carrying about 250,000,000 
people per annum, 690,000 per dav average, or 28.800 pel hour 
52. The re has just heen reporte ad thre four vears ¢ le etric ope rating 


esults of the Mersey tunnel road 


1 connecting Li 
head on the inere ased capital 


due to electrification, amounted to 15 per cent, but it took an iner 


verpool and Birkin- 


The net profit, allowing interest, ete 


iLst 
in trathe of 55 per cent to make this operating result ib] Ton 


DOsSsLDIC 
miles increased from 43 to 67 million, or 55 per cent Total expenses 
including interest on electric capital but not depreciation equal 
$0.586 per ton mile. Interest equals $0.106 per ton mile 
cent ol operating expenses. 


or 22 pe! 


53 President Harahan of the Illinois Central reports the results 
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of the investigation that has been made relative to 
electrification in the following words 


54 ‘Our suburban traffic is the only service which would in an 


degree he adapted TO el tric operation } it even in TI Ss particu 
service it can be readily shown to be unjustifiable at the esent 1 
I submit below a statement of the results whicl t 
accrue if the entire suburban se! e were electrihned, comp { 
the present steam operation 
Resu of Oy s ( 

end ng J { 1 *4 
Gro earnings < 
One ng exp Q r 

Ni é . 

| y ] | | 
(;ross ear I > 
Onperat or ¢ ‘yf ¢ ,, 
lax 44,4 

\ 

Vf ~ 

[ner $ 

Est ited &s () 

Intere a 

Def ~ 

DO UWul l I n tl ifficient I ) I I 
expense necessary to electrily thes nes, and it ( 
foregoing figures that even nae ECT neation there would } t r 
Increast mn tl iff iff ‘ » OTTSeTL tne inn 
operation. It simply p1 inder present n ( 
electrification 0 Shean j \ \ re | meaus 1 repiace 
a plant aiready 1n Lies O ep DO I 
to electrify eithel I Wi rit O! l ry ir (nie 1 
time 

56 Che surburban district | llinois Cent? Ve} . it 
50 miles of road and ecarri mn round nul ers 15,000,000 surburba 
passengers per annum, or an average of 41,100 r da rr 1,700 pr 
hour. An increase of 100 per cent unings would not enable th 


road to break even. 
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expenses und r thi operation, w 


Se 


by the additional expenses to be 


additional apparatus installed, 
small as to be inappreciable in t 


64 Another stock argument 


tives is the crowth of traffic whie 


operation. This argument is n 
65 ‘Considering now the D 
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LUBRICATION AND LUBRICANTS 


4 \ 
\ 
he conservation of the world’s tue ipply there is probably 
| vreater lmportancs the manulacturing Ww rid than the 
waste Nowell iseqd | i! ers iby CATIOI ! needless 
Notwithstanding the increasing interest in more economi 
«ls, the immense losses from this source are scarcely appre 
his recent work on lubrication and lubricants, Archbutt 
Bidet +} nsiderably more than half the 10.000.000 h.p in 
the United Kingdom of Great Britain, 40 to SO per cent of the 
spent i ercoming friction, and that a considerable propo! 
f this power is wasted by imperfect « ilty lubrication. On 
int of the great abundance f cheap fuel in the United Stat 
tie tl onaltions here e evel ess desirable It is safe t 
e that losses mm this source in this country are from 10 to 50 per 
of the } r employed Not infrequently in factories where th« 
} 1 
re ricatio mounts 1 u! Isana lOuUars 1D! 
] 
( find oss of 50 per cent, or great 
2 ( ] ( irer ott Vs ( { oncerning the econo 
( ties of the lubricants he receives; in using them, too much Is 
+; ) p hum met vis wit} ttl, ’ vledge f the act ial 
ti the act of met ce sul es under the dyna 
‘ Tress The transterel e ( Dowel r such modihed action as 1s 
roa ed | I ntervention of a lub: iting hill exampl the 
erent eftects on ournal ¢ i Soll n hard bearing may be sufh 
ent to cause a considerable loss of power if improper elected, and 
el escape ittentiol In the eartier tentative st 1dy Ol the con 
d ns depended on for the results described in this paper, under such 
oads as 100, or 150 |b pe sq. In. OF bearing surtace the grades of 
babbitt in ordinary use were found much too soft and yielding to sus- 
Presented eN York M Mee e Ameri 
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tain such work under the necessary conditions of speed and oil feed; 
only a very hard alloy of exceptional composition could be used 
The one selected of approximately the composition, Tin, 90; Copper, 
2; Antimony, 8, gave results entirely satisfactory. Then since it was 
desired to maintain such conditions of load and speed that any oil 
could be broken down at any moment, it was found necessary, not 
only that the Journal and bearing be milled to mechanically true sur- 
faces, but that by continued operation and repeated careful milling 
even a higher degree of permanent evenness be maintained If such 
be the essential conditions in precise quantitative observations, similar 
precautions are evidently necessary in factory operations 

3 In the earlier days of machinery lubrication before the intro 
duction into the trade of products from petroleum, the manufacturer 
had little concern about viscosity and other physical constants Ol 
lubricants, for, dealing with simple oils or greases of definite composi- 
tion, he could be sure of obtaining what he desired within the capacity 
of the materials at his disposal. Then, in the days of higher prices of 
manufactured products and less severe competition, imperfect lubri- 
cation was of less consequence than in more recent times when every 
detail of cost and loss should properly receive careful attention; and, 
furthermore, the principles of friction and the importance of its con- 
trol were only imperfectly understood in the earlier days of lubrication 
Modern high speeds and excessively heavy loads had not then to be 
provided for in the applications of power in manufacturing opera 
tions, or in transmission or transportation. 

t The discovery that the heavy hydrocarbons in petroleum pos 
sessed the qualities requisite for lubrication—viscosity, durability 
and stability under varying conditions of speed and load—was the 
beginning of a new era in lubrication Methods of treatment and 
refining, with little or no knowledge of the hydrocarbons of which the 
lubricating oils were composed, and developed entirely along empirical 
lines, were slow in producing suitable products. The earlier methods 
have undergone no fundamental changes even to the present time, 
except in the introduction of heavier hydrocarbons from crude oil ter- 
ritory more recently developed. Crude oils of the Pennsylvania typ 
containing a considerable proportion of the hydrocarbons C, H. , 
have alway 5 ielded excell nt light spindle oils composed for the most 
part of the hydrocarbons, C, H»,, and C, Hep». But, as we now 
know, this type of oils include too small a proportion of the heavier 
hydrocarbons for the body necessary in lubricants subjected to the 


great stress of heavy loads and cylinder friction. This need in heavy 
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lubrication led to the practice of compounding oils, or mixing with the 
petroleum products various proportions of the vegetable oils, such as 
castor or rape, and the various animal oils or greases, which so fully 
monopolized this field, that manufacturers were often led to believe 
that no other products could serve an equivalent purpose. Even 
since the more recent introduction of heavy lubricants from Texas 
and California petroleum the belief still prevails that only com- 
pounded oils can be relied on for heavy work. But with care in dis 
tillation and treatment, it is certain that heavy lubricants, well 
adapted for bearings and cylinders, may be prepared from those crude 


oils, and large quantities of such lubricants are now widely in us¢ 


i 


5 All experimenters with lubricating oils who have given thought 
ful attention to the essential needs of lubrication have been impressed 
by the superiority of an ideal solid lubricant, i. e., one that should 
embody an equivalent of the desirable qualities of the liquid products 
with a greatly superior wearing quality, a low coefficient of friction, 
and readily convertible into a form that can conveni ntly be applied 
to the various forms of journals and bearings. Soapstone, asbestos 
natural graphite, etc., do not, altogether, possess these fundamental 
qualities of the liquid products. Greases compounded with graphite 
are useful on low-speed bearings and under heavy ‘' work Natural 
graphite serves an excellent purpose on cast-iron bearings, acting as 
a surface evener of the porous metal. On finer surfaces care is neces 
sary that it does not collect in such quantities as serio isly to scratch 
or abraid the journal and bearing. 

6 Of all the solid bodies available for lubrication, graphite pos 
sesses the desirable unctuous quality and great durability. For 
general use in lubrication, graphite must be in its purest condition 
and in a state of extreme subdivision. Whether, in such a condition 
as the deflocculated form, the ultimate molecules or atoms have a cer- 
tain freedom of movement, analogous to that of /;quid molecules under 
stress of friction, or whatever explanation may be suggested of its 
unctuous quality, the fact remains that it possesses this quality in 
very high degree. Such graphite is now produced by processes dis- 
covered, perfected, and placed on a manufacturing basis by Dr 
Edward G. Acheson of Niagara Falls as a part of his great work in the 
development of electrochemical processes. Besides his immense out- 
put of pure graphite for general commercial use, Dr. Acheson has suc- 
ceeded in converting it into a new form, a deflocculated condition, 
that meets the requirements of an ideal solid lubricant. This defloc- 
culated form greatly surpasses ordinary graphite in unctuous quality 
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and its adaptability for prolonged suspension in water and oils renders 
it especially applicable to frictional conditions. Furthermore, the 
readiness with which it forms coherent films on journals, its great 
wearing qualities and the ease of the application, constitute a lubri- 
cant of extremely high efficiency. 

7 Acheson graphite can be produced from any substance that con- 
tains carbon in a non-volatile form. Under the extreme temperatures 
of the electric furnace any and all other elements are readily volat- 
ilized. Even carbon itself is freely vaporized and its peculiar appear- 
ance in the burning carbon-monoxid is depended on as an indicator 
of suitable conditions in furnace operation, much as the drop in th 
manganese flame which shows the disappearance of carbon in the Bes- 
semer converter. 

8 As commercial products two forms of graphite are produced, the 
unctuous and the deflocculated modifications, the first form accom- 
panying the production of carborundum in furnaces charged with car- 
bon and sand, the second obtained from a charge of coal or coke alone 
The first form is leafy in structure, coherent, and extremely unctuous 
or greasy to the touch; it is segregated and not readily disintegrated. 
The second form is also unctuous in a high degree, but very pulveru- 
lent and capable of extreme subdivision; it is readily converted into 
a deflocculated condition. This form in water forms the commercial 
‘“Aquedag,’’ or aqueous Acheson deflocculated graphite. In com- 
bination with oils it is known as “ Oildag.”’ 

9 This deflocculated graphite has peculiar properties; it remains 
suspended indefinitely in water, but is quickly precipitated by impuri- 
ties. On account of its extreme subdivision a very small amount sus- 
pended in water serves for efficient lubrication. From numerous and 
long-continued trials it appears that 0.35 per cent serves an adequate 
purpose and that a larger proportion is superfluous. It is certainly 
remarkable that such a small quantity of graphite is readily distri- 
buted by water between a journal and bearing while sustaining a load 
of 70 lb. per sq. in. of bearing surface, and that under high-speed con- 
ditions it maintains an extremely low coefficient of friction. 

10 Proper lubrication of bearing surfaces involves careful considera- 
tion of the metals composing the journal and bearing, since the influ- 
ence of the metals employed has an effect even in the intervention of 
the best lubricating film. The materials in common use for the con- 
struction of bearings include cast iron, steel, and alloys of variable 
composition included? under the general terms, bronze and babbitt. 
In high-speed work cast-iron bearings must be used with extreme care. 
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In the accurate adjustment necessary in machine testing of lubricants, 
we have found it impossible to prevent injury to the journal when 
using a cast-iron bearing. Results obtained by the use of bronze 
have not been altogether satisfactory. However, properly selected 
babbitt for a steel journal seems to fulfill the desired conditions most 
satisfactorily and it possesses a wide range of applicability. As men- 
tioned above, satisfactory lubrication is possible only when the jour- 
nal and bearing are properly machined to true surfaces, kept smooth, 
accidental scratches worked out, and bare spots avoided. Successful 
lubrication demands constant skilled attention to the condition of 
journals and bearings, and no factory supervision affords more desirabk 
returns. Lubrication consists in reducing friction to the lowest incre- 
ment of the power in use. A lubricant is an unctuous body that 
readily forms a continuous, coherent, durable film capable of holding 
apart rolling or sliding surfaces, and itself interposing the least pos- 
sible resistance. The economic problem in lubrication depends on 
the use of such a lubricant under suitable conditions. 

11 The lubricants in commercial use include water, oils, greases 
and solids. Under oils are classified the great variety of light spindle 
heavy engine and cylinder products, either unmixed hydrocarbons 
from petroleum or compounded oils, tallow, wool grease, ete. The 
greases may be generally classified under a few heads depending on 
their consistency, which is derived from the proportion of lime or 
soda soaps or oleates mixed with the hydrocarbon oil as a carrier. 
The solid greases have already been referred to. 

12 Water in itself possesses no oiliness whatever but under certain 
conditions in cylinders it is found to assist in imparting to the metallic 
surfaces an extremely smooth condition which serves materially to 
reduce the friction. A practical knowledge of hydrocarbon lubricants 
should include Pe | knowledge of the source, that is, the crude oil from 
which the lubricant is prepared, since there is a wide difference in com- 
position and properties of the oils from different oil fields. Methods 
of refining petroleum oils have very much to do with the quality of 
the products. In general terms, inferior products are obtained when 
the process of distillation is conducted in such a way as to produce 
decomposition; the best products are obtained only by careful distil- 
lation and careful treatment in refining, whereby the hydrocarbons in 
the refined products obtained have essentially the same composition 
as in the original crude oil. 

13. An examination of various lubricants in the trade frequently 
reveals a condition of the oils indicating improper refining. For 








168 LUBRICATION AND LUBRICANTS 


example, it does not need the application of extre mely delicate tests 
to show the presence of free alkah, of sodium sulphate or of sodium 
salts of organic acids, any one or all of which may be injurious to 
metallic surfaces. One of the most exacting duties of the refiner is the 
treatment with caustic soda in such a manner as to remove all acid 
products and at the same time to avoid such an excess of caustic as 
will form an emulsion, which is one of the “terrors” in a refinery. An 
examination of a great variety of oils in the trade, such for instance as 
the spindl Ol 


J 


in use in automobile service, indicates that the best 
refined oils are those that contain a minute trace of alkali. 


14 The ordinary me thods of te sting lubricating oils include dete r- 


i 


minations of the viscosity, the sp cific gravity, the flash and the f 


ire 
temperatures. Another important property of these oils, termed oili- 
ness or greasiness, 1 


Is not so readily determined by analysis; in fact, 
the re seems to hye no accurate me thod for its determination: vet it l 


readily distinguishable and has much to do with the effici ney ol 


lubricating oils Concerning the most efficient methods of testing 
lubricating oils various opinions are expressed by different authors 
Redwood in his work on petroleum and its products, asserted t} it The 


viscosity of an oil is the best guide to its lubricating value since it 
enables the consumer to select oils similar to those that have afforded 
him the best practical results. He alludes to the close relationship 


between viscosity and the laws of friction of liquids. In comparing 


the use of viscosity with observations on the behavior of lubricants on 
a frictional testing machine, he states that he was unable to obtain 


satisfactory results with any machine at his disposal. His conclusions 
in general were that in the present state of our knowledge the indica- 
tions afforded by testing machines are wholly misleading, and this led 
him to attach « special importance to agood system of testing viscosity. 
He refers to the opinion of Thurston that any oil should be tested 
on a machine under the conditions of load and speed similar to thos 
of the use for which the oil is intended. 

15 Referring to the work of Ordway and Woodbury in 1884 with 
an apparatus constructed to apply pressures of 40 lb. per sq. in.; to 


those of Tower carried on 


under what he terms great pressures—100 
to 600 lb. per sq. in. in an oil-bath system of lubrication; and also 


referring to the opinions of others on these results, Redwood presents 


the view that the agreement 


between machines and actual practice is 


extremely slight. his final conclusion being that viscosity affords the 
; ; . °,° ° 
most valuable tests of lubricating qualities at our disposal. Inasmuch 


as Redwood’s opinion on machine te sting is a result of his observations 
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during several months on the Ingram and Stafer machines, in which 
the speed is 1500 r.p.m., and that the friction is gaged by the numbet 
of revolutions necessary to carry the temperature to 300 deg. fah 
it is not difficult to understand his conviction that in his experience 
testing machines do not afford results comparable with those of actual 
practice. 

16 The value of viscosity as a distinguishing property of lubricat- 
ing oil is recognized by all who have given attention to the subj Ct, 
but all are not agreed as to the extent of its practical reliability 
Archbutt suggests that the quality of oiliness or greasiness Is nearly of 
as much importance as viscosity. Although, as mentioned above 
there is no precise method whereby oiliness can be determined, it 
not difficult to recognize it nor to distinguish the marked differences 
in this respect shown by different oils and greases. Archbutt calls 
attention to the fact that at very low spec ds the friction of a cylindri- 
cal journal should be proportional to the viscosity of the oil; but at 


higher speeds, and consequently increased temperatures, the relation 


of friction to speed ceases; the viscosity is diminished with a cor- 
responding change in the carrying power of the journal. While fully 
appreciating the value of the information to be obtained by chemical 
analysis, Archbutt insists that the oiliness of a lubricant is of espé 

clal Importance under heavy loads and high peed He suggests 
that it is advantageous for an engineer to test \ for himself on a 
machine without depending altogether on analytical data of physical 
tests obtained from the expert. Hurst also mentions that a broader 


knowledge of the practical working of oils is necess iry than can be 
obtained from chemical or physical tests alone. He maintains that 
the test of an oil from a journal under the practical conditions of its 
use show conclusively its adaptability to such use. 

17 The principal points to be observed in mechan al tests are the 


, 
qa the frictional etlects aque to 


ellects Ol speed, load, temperature, ar 


VISCOSILY and oiliness. The measurements on which cd pe nd the qual- 
Ity Ol the oil include the frictional resistance, the t mperatures, and 
the endurance of the oil film. Doubtless the numerous machines that 
have been constructed for testing oils have certain merits and advan 
tages. In the wide range of work carried on in this field during the 


are presented 1n this papel 


past year, a part of the results of which 
the machine devised by Professor ‘ arpenter Was ust d. In its sensi 
tive adjustment, durable efficiency, and the wide range of possible 


tests, this machine in continuous use 


luring this period on light and 


heavy oils, greases and graphite, has fulfilled all re quire ments. Sines 
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the results to be presented are closely dependent upon the method 
employed a view of this machine is here introduced. 

IS This machine has an accurate adjustment for recording the 
speed, and a long lever arm with a vernier attachment graduated to 
tenths of a pound for recording the friction. The load is applied by a 
powerful spring worked by a cam and lever, the limit of the machine 
being 6000 Ib., total load. Careful calibration of the spring showed 
it to be properly adjusted. 





kia 1 THE CARPENTER MACHINE FOR TESTING LUBRICANTS 


19 In projected area the bearing in use is approximately 8 sq. in.; 
the journal is about 3 in. in circumference, nearly equal to | ft. in 
linear extension. A cast-iron frame babbitted and machined down to 
a true surface was used for the most part in this work. Even after 
careful machining some continuous frictional work was necessary on 
the babbitt surface to bring it to the proper conditions of constant 
results. The hard form of babbitt mentioned above gave satisfac- 
tory results, and there was little difficulty in keeping the surfaces in 
suitable condition after they were once obtained. For measuring 
temperatures a thermometer was inserted in a hole in the bearing, 
extending close to the journal. 
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20 Tests made at steam temperature—210 deg. fahr.—were car- 
ried on in a hollow cast-iron babbitted bearing, with steam attach- 
ments by which it was found that the desired temperature could 
readily be maintained. The lubricant is run in from a sight-feed cup 
through a small hole close to one side of the bearing with careful regu- 
lation of the flow for proper adjustment of the oil feed. 

21 For delivery of the lubricant over the entire face of the bearing 
two channels or grooves are run diagonally across the babbitt face 
from the inlet hole, giving equal and even distribution; these channels 
must be carefully gaged for an even flow, otherwise dry spots O! 
streaks appear on the journal accompanied by a sudden greatly 
increased friction indicated on the friction bar. This detail of opera- 
tion requires careful and constant attention, for on it depends the con- 
tinuous regularity of the friction curve. In this respect this method 
of observation is extremely sensitive, and is one of the important 
elements in frictional tests. Partial exposure of the journal enables 
the operator to observe the formation of the film, its comparative 
thickness and any irregularity due to an imperfect condition of thi 
journal or bearing, or improper lubrication. 

22 Accurate testing of the mechanical efficiency of oils with the 
precise quantitative observations possible on the Carpenter machine 
including the various classes of lubricants under consideration in this 
paper, presented an extensive field of labor, especially since there are 
no general standards of comparison under any conditions of operation. 
Such constants must of necessity be based on arbitrary data, neverthe- 
less if they are accurately determined on a standard machine, with 
the conditions of the journal and bearing selected,—the load and 
speed, the constants on this machine may be readily ascertained on 
any other equally efficient machine. In duplicate tests made with the 
same bearing and under the same conditions the results were closely 
concordant. At the outset it should be clearly understood that these 
tests must be performed with a scientific accuracy of exact quantita- 
tive observations with close supervision of all details. The work 
then becomes the regular routine of any scientific investigation which 
involves long series of observations, after it is ascertained by prelim- 
inary trial what conditions are necessary in testing any given oil. Of 
course for commercial benefit these conditions should be as close as is 
practicable to the factory conditions of use. 

23 The results to be described of the use of water. kerosene, and 
fuel oil as vehicles of graphite, present novel and interesting features. 


Under certain conditions, as mentioned above in steam cylinders, it is 
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well known to engineers that water alone serves as a lubricating film. 
But since on journals it serves no purpose whatever, the lubricating 
qualities of aqueous suspended graphite must be due wholly to the 
graphite. The same is true of kerosene, which alone is practically 
devoid of lubricating quality, and likewise of fuel oils. 

24 For the purpose of testing the effect of varying viscosity in 
lubricants, and at the same time the lubricating quality of deflocculated 
graphite, tests were made with water, kerosene oil, a fuel oil, and an 
automobile cylinder oil, each carrying 0.35 per cent graphite. The 
results obtained in these tests are shown by the curves in Fig. 2, in 
which the speed is maintained at 446, and the load at 70 lb. per sq. in. 
The observations of frictional load and temperature were made at 
intervals of ten minutes and on that basis a curve is drawn for each 
of the lubricants tested; on the chart the time is given in half-hour 
limits and the coefficient of friction in hundredths of aunit. It will be 
observed that the curve for water and graphite is practically a straight 
line, with scarcely any variation for the four hours shown on the curve; 
this test continued for 15 hours altogether with a precisely similar 
result. There were several stops which are indicated by a dotted line 
on the chart, and it appears that there was no change whatever in the 
direction of the curve by stopping and starting. Curve 5, represent- 
ing the observations on the coefficient for kerosene oil with graphite, is 
also a straight line showing a coefficient very slightly lower ‘han water. 
The coefficient curve for the fuel oil and graphite is also practically a 
straight line, and with an endurance test extending 14 hours after the 
oil supply was shut off; here the frictional coefficient is slightly higher 
than that of either water or kerosene. A similar regularity appears in 
the curve of the automobile cylinder oil with graphite; but it is to be 
noted that the frictional coefficient is very materially higher than 
those of the other lubricant shown on the chart, which may be con- 
sidered as a measure of the comparatively greater internal viscosity 
of the automobile oil; this oil shows a much longer endurance test 
than appears on this chart. 

25 The effect of varying viscosity in lubricants, and the lubricating 
quality of the graphite under practically the same speed, 445 r.p.m., 
but with a load of 150 lb. per sq. in.; using kerosene, a fuel oil and a 
spindle oil, with the same proportion of graphite, and the same oil sup- 
ply, are shown on Fig. 3. Kerosene here shows a very slight irregu- 
larity in its coefficient, which differs only slightly from that on the pre- 
ceding chart. Here again the greater internal viscosity of fuel oil is 
shown by the increased friction which appears in this curve. No 
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doubt the fuel oil possesses the quality of oiliness In a very slight 
degree. enabling it in the beginning of the test to take a lower coefh 


ient than kerosene, which maintains a considerably higher coefficient 
hora rew mil ites until the continuous film ot oraphit } is formed and 


reauced the Coe ficient to 1ts normal condition It Is cle nt that the 


ita 
fuel oil also possesses a certain oiliness which enables it to begin the 
test with a coefficient that changes only slightly during the entire 


neriod. including also an endurance test extending through two hours 


ased coefficient of 


I ifter the oll supply was shut on \nother feature worthy of 
] ] ] 

the comparative endurance of the three ous While kerosene 
! eT ( ring ft Lo Loo it pers l ns rh ¢ tremely Low 
nh 2 that it eaks ediat v] the ipply is 

| | 

it nadicat hat it has not the powe! n coherent graphite 

1) er which 1s pos edt r ( he tue ! n 

ed deg e spindl 


(>) gone 7 ( Ii SUD- 


gv L with the ¢ a ( ng the Ol at the eginning 
[ the 1 | also its behaviol note mae n pply that 
nabled it t perform its ftunctiol is a lubricant The eftect o 
craphite on the lubricating quality I the oll so shown in Curve 5 
nd Curve 4, Curve 3 representing a feed of 8 drops per min., Curve 
| representing a feed of 4 drops per min. The diminished cos ficient 
( e4 , red with Curve 2. represent ibricating elle 
i | ( il tl etiect 1s st inthe ~ } , p endu 
t n Cu tf: it will be ¢ ( i that be lt howimneg 
nish Curve 4 1 ised on an Ou Ipp to the 
! me-! that of Curve 2 ot tl ( Lone 
297 In Fie. 5 curves are shown which represent the temperature 


led in tests of friction presented on Fig. 2 and Fig. 3 As in 
he previous charts the load is given as 150 Ib. | 
obile oil. fuel oil and kerosene, and 70 Ib. per sq. in. for water. Th 
eed was 444 r.p.m. in all but the test with water, where it was 446 
Che test ol the automobile oil alone sh¢ wed an imm«¢ diate ris 
ure, corresponding to the breaking point of the oil which is 
shown in the friction test. It is interesting to compare this tempera 
ire with that of Curve 2, automobil oil and 0.35 per cent graphite , In 
which the temperature rises within twenty minutes to a definite point 
and then continues in a nearlv straight line with little variation to the 


point where the oil supply was shut off at the end of two hours 
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Curve 3, representing the temperatures of fuel oil and graphite, also 
shows avery slight variation after 30 min., when the stable conditions of 
lubrication were established. A difference in temperatures of approxi- 
mately 25 deg. is shown between the curves of the automobile and 
fuel oils, which must represent the larger escape of energy in the form 
of heat from the bearing, due to the greater internal resistance of the 
automobile oil. The temperatures of kerosene with graphite, as shown 
in Curve 4, are approximately 10 deg. lower than those in the fuel oil 
curve, due to the still smaller internal resistance of kerosene. Bearing 
in mind the small difference between the specific oTa\ ity of the fuel oil, 
approximately 35 deg. Beaume, and that of kerosene, approximately 
15 deg. Beaumé, the difference in temperatures of these two curves Is a 
good example of the ace racy 1h observation possibl in these tests. 
Perhaps the most striking feature on this chart is the curve presenting 


the temperatures for water and graphite; he re, as inthe curve of friction 
for water, this curve is shown for only four hours. but the tes 
extended through a period of 15 hours, during which time there wer« 


ral stops in which, as shown on this chart, the temperaturs 


| 
SOV ¢ - +) 
start was the same as that at the time of interruption. It wv be 
} t 1 thot +} nhar4 } \ vt | | ‘ ? } rat _ 
opserved that this Chart shows an extremely iow temperature, Vo aeg 


practically the same as the room temperature, which 1¢ never excee Jed 


by more than 5 deg., and that it is essentially a straight line from 
start to finish In this use of water as a vehicle for the graphite there 


; 


is nothing to interfere with the best work that the graphite is capable 
of performing 
28 Among the various classes of lubricating oil examined in this 


work considerable attention has been given to the behavior of he avy 
engine and cylinder oils, both straight hydrocarbon oils and com- 
pounded oils. A special form of bearing was constructed, consisting 
of a cast-iron frame with a hollow chamber for introducing steam, and 
a babbitted face using the execs ptionally hard babbitt previo isly de- 
scribed. In some of these tests a bronze bearing similarly constructed, 
but maintaining the bronze face, was employed. I 
was observed that the results were less satisfactory with the bronze 
than with the babbitt bearings, in testing not only the heavy oils but 
the other classes of oils examined. Hard babbitt seems to possess 
certain pr cullar qualitic s adapte d to the various details and varia 
in speeds, loads, and te mperatures, which are not found in the same 
degree in the bronze alloys. To show the results obtained in testing 
cylinder oils, charts are here presented on three commercial products, 
the American cylinder oil, Galena cylinder oil, and “‘600 W” cylinder 
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‘ests were also mace on the influences Oo! g ipl 
eference to the frictional coefficient and endu 
yhvsical constants of the oils are also give 
ally of specific gravity and viscosit) The gen 
sts included a continuous run tor two hours at 
of oil was shut off. 
In I ig 0 ol the American evlindet yi, WI 
rbon oil. the data of the tests include the use ol 
1}) tT tub int at the rate of tour arops pel 
e of 1200 Ib., and a speed of 245 r.p. | 
begins at a somewhat higher coeihcient t! 
\ ( () ( 
$ Di l 200 r | 
rst half-hour, whe! ormal conditiol { 
( is ll istraight ling th no irigt te thre 
topped. The endurance run of tl 3d 
horter than it would have been with the 
t this was demonstrated in another test vl 
With eranhite the oil follo close the dire 
it wit! ery considerable diminutio1 
It further appears in the endu ( <t that t 
t! oht ncereased friction for ' 
loubtl | e he ancide : 
7 presents result obtained 1 test I 
Wit! md without grap! é \ compar! 3 
a 
th those in Fig 6 shows a mate! ov 
somewhat higher VISCOSITY In these tests the 
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endowed with a certain freedom of motion under pressure, it affords 
the most perfect lubrication. In automobile lubrication the great 
efficiency of graphite, in increasing engine power, in controlling ten 
peratures, and in decreasing wear and tear on bearings, has beet 
brought out in a series of tests conducted by the Automobile ¢ 


America In connection with the reduction in friction of lubrieatin 


oils DY grap! ite the extremely small proportion necessar\ wort 
note; the proportion used in this work is equivalent to one cu 
inch of graphite in three gallons of oil The curve ot temperature tol 
\quadag, an increase but slightly above that of the surrounding atmos 


phere demonstrates an important economic quailty of contre 
temperatures in Tactory lubrication thereby avoiding the dangel! 
highly heated bearings, which are frequently the cause of fires 

33 In the observations described in this paper, and i 
the work that has been done in this field, there is not a mors 


sive example of the efficieney of 


sented in the curves of friction and temperature of water t 
for water serving merely as a vehicle and completely devoid of lubr 
cating quality, the graphite is permitted to perform its r t 


aid and with no limiting conditions 
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82 Fig. 11 shows a design of the writer’s for an adjustable eravity- 
feed furnace for burning tan or sawdust The feed chutes are rect- 
angular in section and contain adjustable chutes to regulate the depth 


of tan on the grates for anv condition of draft, ete 


DISCUSSION 


ALBERT A. Cary. The furnace described by Mr. Myers ce st 


of an extension in front of the CYula MOLLCT ett 7 Wit 1 PLU e! 
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steam to 600 would be 912-62) + 970 + 0.48 (600-212 1306 
or for 20 per cent moisture, 261 B.t.u. per pound of tar 


D The 0.06 lb. of H in a pound of dry tan will hite With UU 
s 0.48 O, making 0.54 Ib. H, O, which eseapes as superheate 
steam carrving away 0.54 * 1306 705 B.t.u. for each pour 


tan or O.SO & 705 564 B.tu. for tan with 20 per cent moisture 


6 Assuming 25 |b. of air to be required per pound of | H 
the fuel or 25 0.50 14 Ib. of drv tan, the heat carried av 
this air heated to 600 deg. is C.24 14 HO0-62 SOS B 
per pound of dry tan or 1446 B.t u. for tan with 20 per cer tul 
Using the figures thus found the ft ng table 

ai 

7 Supp in v 60 } ( moist 
per cent be e being put int ice, using 
Vaste heat Clie TVLTLANvVe y Ve then | Pe a 


0.60 moisture dried to 0.40 ch {3 0.10 moisture. 0.50 
q Suppose the moistu ind ti \\ 


remove 


chamber at 500 degree hea OunCd O Vale 


no Thre warw Wata {} 1() 14 24 <8) ()2 “4 | 
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OSS cue to smaller furnaces and gre iter euse ll na 
r the fires 
th vreater the number ol feed hol ne higi I \ 
be the rate ol combustion ind the smaller the Ir] ( { I 
Rapid firing in small amounts to equal the rate of combustio1 the 
furnace Is productive of best eff ency WIth any ol the usual type 
tan Tturnaces 
> ‘Tan presses of different makes, but all of the same ( ; 
scribed by Mr. Cary, have been experimented with by thi 
Was found that with caretul adjustment and attendance the pres 
would equal the performance quoted by Mr. Cary but that und 
tannery conditions of mndillerent attendance a 1u U! 
presses GO not maintain thell eff ene 
) L hve nterierence OL the TAS eV ed tron } i 
the Lion thie combustil CS With Thre ) COT) | ist ( 
by providing large con IStiONn si e. pretera O t | 
ST satile y! D\ Spec i il t1 nh LA ~ 
automat irnace shown 1n 1 2 a3sand rete ec ) 
Hutton 
to be pract 1 ( rye O } 
iuthor > pape ne hea ne | ording to 1) 12 ) ) 
7920 B.t.u. per Il whereas Che result ia tiarge numbe! 
bomb calorimeter by Dr. Shen SI the eating ( 
pound of dry hemlock t se to ( 500 J 
re! I ha e carelul I'¢ rye | Test ( ne 
mad Pro R. H. Thu rese) 
Franklin Institute in 1874 P) r Kent s 
results there o nar ( ‘ ne ) 
by the write! The two « itive resu Chu 0 
as 4.24 Ib. equivalent evaporat seici 212 dee 
pel pound of Combust eC 1Ol ( I HDs ] [ ‘) ( 
the Crockett furnace he ponding figure obta 
writer In his automat rev ia 3.00 | 
cent better than Thurston’s st result 
v Lhe writer finds t! he ¢ porations Of 0.0 14.4 
Thompson and Crockett ( espe ( P 
Lh Irston Dy lo the ¢ bie 
ture he fu pore 212 As 
thy vritel VADO! tia) thy ‘ 4 5 595° 4 4 


oration of 7.75 |b. including the moisture in the fu Che tte 
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figure is therefore the one to be compared to Thurston’s result of 5.68 
it) (On the same basis of calculation the economic result of pres 
best practice 1s ovel 50 per cent higher than the best result recor 
vy Thurston 

10 Moreover the highest result in the Thurston test was obtains 
DY a rough volumetric approximation of the weight ol e Tue ised 
It was not we ighed to the fireman as in all the author's te ~ 
thermore, both the weight and temperat ire ol the teed water were 
merely approximated and assumed to be correct in the hompsor 


lurnace test whereas these values in the author’s tests ere 


observed and recorded in a most accurate and systematic manne! 
1] he ecurac\ na reliability OI these ¢ ests ( ic! 
to be doubted, as Professor Hutton suggests Sut evel taker 
it the ill values it is seen that the results resel eC have 
exceeded the old results by over 50 per cent 
Ss \etually the present results are proba VY eve higher thal 
t} from a comparative standpoint, for the reaso1 
days oO inning, the moisture in the tan was 
practice This consideration would have given the T! 
L ci ied advantage n the shape o i great 
of the fue Thurston gives the moisture contents of tl fire 
is 55 and 59 pel cent, whereas the moisture in the write 
furnace test was 65.3 per cent. 
13 ‘This increase in moisture is du 
cess of leaching the bark. Where formerly the bark wv treated 
with eold, or nearly cold, water it now is leached at temperature 
is near the boiling point as possibli ,and 1s subjected to the i hing 
process two or three times as long as in the torme I 
s on account of the high price ol! bark nowad hi} Cs 
pay to leach out as much of the tannin : practh Y possible 
Some tanneries to-day leach their bark so thoroug! that o7 
per cent to | per cent of tannin remains in the spent tan 
14 The author desires to add that all results and data giver 
his paper are re sults of actual tests made under working conditions 


No assumptions or theoretical calculations are nvolved in the co! 
clusions. The feed water was in every case measured means 
two tanks or barrels set above a reservoir from which a separate feed 
pump supplied the boiler. Feed connections were so separated that 
it was physically impossible to pump the water elsewhere nan 
the boilei being tested. All connection nvolving chance tol 


} 


leakage were blanked off. Valves were never assumed to be lohit 
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but were proved so during the entire test by means of an open-tee 
arrangement which would show any leakage. 

15 The temperature of water entering as well as leaving the 
measuring barrels was taken at frequent regular intervals. The 
barrels were calibrated by weighing when filled to their overflow 
pipes with water at the temperature which the feed water had 
averaged during the test. 

16 The fuel was in every case weighed in equal amounts to the 
fireman. A sample corresponding to each 200 Ib. was taken, kept 
in closed receptacles and at the end of the test was mixed, and quar- 
tered down to a quart or two quart sample which was sent in sealed 
jars to Dr. Sherman for determination of B. t. u. and moisture. 
All readings and observations were obtained with like regard for 
accuracy of results. 

17 In Par. 3 Professor Hutton also compares the best results 
obtained by the writer with those of Professor Thurston: but as before 
pointed out, the results are on a very different basis and are not 
comparable, unless the moisture in the fuel is also added to the ¢ qu 
valent evaporation obtained in the boiler. If this is done the follow 


ing table gives a correct Comparison 


NDS EFQUIVALEN 


4 
- 
~ 


The table shows that when compared on the same basis of effici ney 
the art of tan burning has been ore atly improved over the old methods, 
both with improved and ordinary furnaces. 

IS Thermal efficiency is of course the safest and most accurate 
basis of comparing results of various boiler and furnace settings, 
and the highest result yet obtained in a reliable witnessed test in 
tan burning was 71.1 per cent. This is based on available heat in the 
fuel as fired after allowance is made for evaporating the moisture 
in the fuel. This test, which was made on the automatically stoked 
furnace before referred to, showed an efficiency of boiler and furnac 
of 54.4 per cent, based on the total heat of the fuel. 
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netors of safetv must varv from 3 to 50 or more, and stresses 
nel 

5 it is hardly to be expected that a formula for streneth of eran 
hooks can be immediately applicable to all the Various cases of ove! ” 
hune machine frames, but we judge it might be applicabl lo si 
frames of solid section and short ove rhang Frames having a 
overhang, such as r pres nted by Fig. 1 in the paper, would in . 
opinion be a more trustworthy subject for the application ¢ at 

iL bendn ormula than frames having relatively miu 
verha such indicated by the dimensions in Fig. 4 | 
because the CPCATCI the overhang the Mire S1¢g1 rit 1) Tite ! 
simple bending moment and the less s121 Meant the ire 
the back of the frame 

6G Referring to Fig. 4, it is noticeable that the metal in the b 
of the frame is very thin. In frames where rigidity is the prime cor 
sideration, we be lieve it Is A Common error of at signers Whi 
cast iron to place too little material in the back. This 1 aout 
irises from the known high compressive resistance of cast Lrot t | 
out regard to its clastic inder compression; frames ben it 
record vy, With regard to resistance to breaking he 
regard to resistance to defle Ol We | know! ! 
where frames could be ereatly stiffened by merely taking met 
the front web and puttn t on the back web 

Pror. Wm. H. Burr. Professor Rautenstrauch has added a very 
interesting chapter to the lirerature of this subjeec, but there is per 
haps a little more to the macter than has been indicated, and it bears 
a good deal upon what has been said bv the last spe ake Doubtless 
the analysis based upon Professo1 Pearson’ s papel as ah ana sI> 
is a decided Improvem: nt upon the Unwin formula, but again there 
comes In the same question raised in connection with reinforced 
conerete beams. This analysis, whether by Professor Pearson o1 
Professor Unwin, is based upon what is ordinarily known as the 
comnion theory of flexure, which belongs accurate ly only to straight 
beams of very small depth in comparison with the length 

2 Hooks and all suzh members as those shown by the LUuLnO!} 
are exceedingly shore as beams, and they are also curved. Thess 
conditions completely demoralize the analysis as based on the com- 
mon theory of flexure, and it is not a matter of surprise that hooks 
should show so much greater carrying power than the computations ‘ 


would indicate. In facet, it is precisely in line with what we find in 


other short beams. 
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would be ery much ih exee Ol what ( GQ possi! ( 
} Phe example of a she Nous which Professo 1 
I \ 


has chose n as an illustratio1 iLpypy 
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at sections OF and OH; or whether it has not, as vet, been sufficiently 
developed Lo he COVE radh applhieabl to st ‘tions othe thar LhHost 


right angles to the line of action of the fore 


) General] Sp ikine St rue rat engmeer ne 1) l ( 
, ’ 
tension or compression men hye heeaus he knows that { e eithe 
I 
. } 
travels in straight nes or produces bend : aa 
1] 2. < a 
( ( ies~oner Oo michine seems to cdellen ! ( I ! 
. . 
levers al thie LL The { cr I ChHhanieal iraltsl S 
Jey rif if | | 114 } { ; 
MvVvou { ihe heta the opnu ) ore? ! eis alone i eq 1) 
a eB pire SOME \} } ~}? @) } 1 








Fic. 4 DISTRIBUTION OF StrReEsSSES UNDER DIFFERENT Tht . 


Ol} the oOrevgolng ASsSUuUnIptLlol eens! while It 1s L (( L111’ Lit 
piece of mental mnastics to follow the mathe ities e mn 
theory s howeve quit eas >see Ul t there are ( | | 
In curved ribs which are usu enored 

6 To illustrate the foregoing ig, 3 shows that portion of the 
frame of Fig. 2 which lies between lines OF and OH. Novy ] 


and ie represent the total tensions in the flanges on sections OF and 
OH respectively. By combining 7 and 7, eraphiea y it is seen that 


a resultant force / must, in some manner, be supplied to establish 


equilibrium, ‘The most direct way ot supplying such a force is by 
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usually pursued 


_ 
s 
+ 


i 
| ] 
method to Marge Work Dubl would lke to have I O11 
who have had « . eTICNe iO} thes ! 
The diseus ion concluded wit! ! tel tril ry ri (, 
by a blueprint and blackboard sketeh Mr. B 
this for publication | 


Tue Autuor. The test reported by Professor L: 


but I do not feel justified in replying without a review of ( ( 
data on the experiment. The point mace ! n Pa ) O 
to deflections, is somewhat misleading I did not pi 


experiments to determine the relation of total deflect 
imum stress in the hook, but rather to find th 
total deflection c ased to follow the stra 


deflection is dependent on the deflection of all th 


rational to suppose that when any variations occur they ar 
the fact that the “fibres” in the most stramed section | \ 
stressed beyond the elastic limit This is all we wish to kt 
most strained section is Without doubt the n Q onta 
The examination. of the bending moments in other sect 
no value in these determinations 
2 Referring to Mr. Gabri emarks r 
designers persist in applying the form rl 
mum intensity of stress beyond their limits yplicat ‘ 
putations can be made to determine 
I see no reason why anyone sii be surprised that the! 
agreement between the “results of computation Cl 
of test I did not choose to consider the matter of rig 
the title of the paper would lead one to bx UU 
Rigidity is, of course, a controlling factor in die worl Phe - 
sion of the metal in the back of the fr ume shown in Fig. 4 
should be 1} in. 
& Mr. Henderson’s remar! that his practical expr , 


hooks leads him to belie Ve t| atarather greater trengeth exist t! 


can be expected Irom the | nwih tormula, q lnlified 1) nis report 
of certain tests, would lead one to believe that he has made use o 
Unwin’s formula outside of its field of application. Unwin’s formula 


indicates nothing beyond the elastic limit. There exists no method 


' 


of analysis which enables us to determine the r 


‘ 


load on the hook and the res litin: 
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that stress is bevond the elastic limit of the material. In 


o the statement that “the ultimate strength interests us Just 


uch as the elastie limit,’’ I would say that I believe designers 


treading on much safer ground when they confine themselves 

portioning parts with a factor of safety based on the elastic 

ither than the ultimate strength 

\Ir. Ellis says in the second paragraph ‘‘ We note primarily that 

Cl tion of his formula the writer has assumed the entire 

be in tension e. the neutral axis to le entirely without the 
While this condition is almost universally correct in hooks 


seldom be encountered in shear bousings.”’ No such assump- 


race ho sit universally correct In Nooks I believe that 
= is also mistaken in his remarks on the parti ilar form of 
tation when @ is infinite. When ¢ is infinite the case is not that 
te tension but rather a expressed by Unwin’s formula. 


\Ir. Loring’s explanation of the two analvses. I regret to say 


f the 


rect Bot! inalvses al founded on a determination ¢ 


m betwee! nit stretch and intensity of stress, but the real 


nee is found in the methods of evaluating the unit stretch. 


er tormula & es The init streten as 
) 
} 
I} lit i {| - 
init stretch of any fiber a distance y‘ trom the gravity 
. 


unit stretch at gravity axis 


ame before stre tehing. 
modified y after stretching. 
newel analysis retains terms of the same order of magnitude 


ind therein lies the differ nee The theory of lateral contrac- 


is rationally applied in this analysis, its application being un- 


V to the test piect since direct measurement of stress is 
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6 Par. 2 in the paper is obviously limited to curved members. 
The similar form referred to in Par. 8, includes the radius of curva- 
ture. 


7 In Fig. 4, / 68.56. In Par. 13 the equation should be 


j The method uesd for determining 7, and 7., I believe 


0.70 
will be found more convenient than those proposed by Mr. Loring. 

8 Professor Houghton will agree with me that a more correct 
analysis for straining action will permit a more intelligent use of the 
factor of salety. 

9 Mr. Myers is quite correct in his remarks on the value of 
The analysis, however, does apply to the case of straight beams 
where * , for which case it reduces to the form of the Unwin 
formula. The formula has not as yet been sufficiently deve loped to 


determine its usefulness in establishing proportions for other tha 


those sections at right angles to the load. The difficulty ot ae 
mining the stretch on sections at an angle to the load will leave this 
problem unsolved for some time. It is, however, rational to suppost 
that the flange on oblique sections should be thickened, but to what 
extent has not yet been determined. In regard to the behavior of 
a T-section, I would state that Professor Pearson has found expel 
imentally that it is subjected to the same laws as a solid section. 
This indicates that the suggestion of Mr. Myers in Fig. ft can hardly 
be accepted. 

10 I judge from Professor Burr’s remarks that he discredits thi 
analysis by Professor Pearson on the basis that it is founded on the 
common theory of flexure, that is, it is not applicable to beams of 
very great depth compared with the length. I believe that if Pro 
fessor Burr had given more thought to the matter he would not have 
made this statement. In view of the experimental results obtained 


Dy ny self and others in verineation ot the the ory and the lack ol any 


data in verification of Professor Burr’s statement, | am still inclined 


to believe that Professor Pearson's analysis is correct. 








VENTURI TESTS FOR BOTLER FEED 


' ar 
{ 
i 
( 
; ; 
- it 
li ? 
) | ( 1) 
ley pon 7. 
ould have to be made ll the readings were desired in pounds Phe 











999 


DISCUSSION 


reason for this difference between the two types of meters is that the 
flow through the venturi meter is proportional to the square root ol 


the venturi head and is not directly proportional to it. 
3 The only reason tor hot always obtaining accurate results witl 
the venturi meter for boiler feed is the presence of severe pulsations 
in velocity due to the action of the feed pump The most accurate 
results can be obtained when the feed pumps are of the centrifugal 
type and many such pumps of the two-stage or three-stage turbin 
variety are now in successful use. The pulsations which are due 
to the action of the water pl ingers or to defective valve action in a 
reciprocating pump make it necessary to place a rather lar 


chambe r clire ety On th pump or on the feed line AS ( lose AS DOSSIDI|E 


to the UID. If ylaced on the teed line. 11 sho ild not be connected 
in 

on a tee set in the line but it should bi so arranged that all of the wate 

will pass through it. Furthermore, the cross section of such an an 


chamber should be large and the arrangement should be such that the 


surtace ot the watel Wil rise ali Pall With each stroke oft the pump 
There should be a gage glass on the side of the alr chamber so as 
insure the presence of a sufhicient vacuum of air. These precaut 
will render the velocity of the water sufficiently uniform to obtair 
accurate results with the venturi mete 

t I notice also that the results obtained were not very satisfac 


torv when pulsations were present and when the throat velocity was 
less than 10 ft. per s Ther vere three reasons for this which 
seldom if ever exist in actual venturi meter Installations 


» The instrument used in the test was a mereury U-tube o1 


manometer, containing but little more than a pound oO! 
mereury. The inertia of the mercury was therefor 
small and the mereury i vels wer unsteady In an 
actual installation a registering instrument is generally 


used which contains almost 100 lb. of mercury, the mers 


inertia of which has a decided “damping” erect 

b The graduations on a manometer scale are quite close to 
vether at low throat velocities At 10 ft. per see. throat 
velocity, the difference of mercury levels is only 14 in 


In the registermg instruments the movements are in 
creased by a lever so that accurate readings are facilitated. 
e During the tests described in the paper, the globe valves 
in the two pressure pipes were partially closed to min'mize 
the mercury level fluctuations, and in all probability the 

“— 


valve dises were slightly loose on the valve stems This 


therefore allowed the dises to behave like check valves 
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and permitted a freer flow in one direction than in the 

other; consequently incorrect mercury levels would result 
5 There are at least three better Ways to throttle one or both of 
the pressure pipes than by using globe valves. The first and perhaps 
the best way isto use a capillary tube, say . In. inside diameter by two 
or three feet long. The second Way Is to use a needle valve which 
is similar to a globe valve, but without a loose valve dise and with 
a long tapered point directly on the valve stem. The third way is 
to use a cock instead of a valve. (ny of these methods of throttling 
combined with an ample air chamber permits accurate venturi meter 
readings at throat velocities as low as 2.8 6: per sec This extends 
the range of the meter from its maximum capacity down to one-thir- 
teenth of the maximum. 

6 Although a manometer, because of its portabil ty ana simpli 
city, is particularly well adapted to the making of short boiler tests, 
it nevertheless is not automatic and it shows the rate of flow only at 
the moment ol observation and if this rate fi lt lntes considerably 
from minute to minute, it becomes necessary to take very frequent 
readings. For this reason an instrument has been perfeeted which 
has two dials, one for indicating the rat of flow and the othes lol 
continuously recording this fate upon a circular chart paper \ 
special planimeter enables the charts to be measured so as to obtain 
the total quantity of water. This planimeter multiplies the factor 
Ol velocity by the factor of time and the product, of course, re presents 
quantity. This type of recording instrument is largely used for 
meters 4 in. and smaller in diameter but for larger size meters the 
users generally prefer a three-dial instrument of the integrating typ 
in order that the total quantity ot water may be read dire etly upon 


a revolution counter without the aid of the planimeter 


(LEMENS HerRscHEL. Professor Allen’s paper shows, by tests prop- 
erly and skillfully made, that the meter is reliable for hot wate 
and boiler-feed service, and is new and unique as reproducing 


Tests of the meter the curious Conditions to wi Wh A power-leed wate! 


meter is subjected. But for this feature the tests would have been 


only a repetition of other tests already mad Not that such repeti- 
tions are not desirable, especially when made as accurately and wit! 
the SCOP and purpose ol those elven Mm Prot SSO! \llen’s papel 
Further series of rests on venturi mete rs of all sizes, are in fact still 
called for in the interests of exactituds But they can only in a 


general way confirm, not discover. 
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what we are looking for, and it isa good deal better than using maxi- 
mum and minimum readings and then obtaining the arithmetical 
average. The mechanical average obtained by means of throttling 
is ce cainly more accurate because we do not know how long the max 


mum «deflection continues, relative to the minimum. 


—— 
| 
5 we 
= oot 
5 on 4 lee 
= a 
= vr | 
2 L 
Is t Ly rees |} re 
ae ~ yw VARI \ " (‘a 
\ 
3. For the benefit of Mr. Moss, [ would state that the dens it 
different temperatures Was Considered The following Salipie 


test giving an idea as to how computations were made 


If actual weight of water from weighing tank, the 


W HOw al t\ 2! 


Wwe ight per cu. It. at the t¢ IMperacvure 


a area venturl throat 
ey venturi coefficient 
i time in minutes 
h venturi head 
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DATA OF TES 


Time 3:40 —3:51; duration 11 minutes. lbs. 
Weight ot tanks at beginning 1158 
Weight of tanks at end 53609 


$211 


Deduct for tank calibration 20 


\dd tor evaporation c 


Total wate $195 
Mean mercury deflection 17.24 in. 
} 1.05 1, .24 Is. ] 

\/ 1.25 


Weight 1.48 « 11 X 61.43 X 4.25 1250 
( L193 1) ONG eo. ffi int of vent ri meter 


1250 
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s4 l e SU { 
however, present : 
to be misleading wit refer hi 
tower condensing lati 
2 ‘The paper discusses thi puite 
dadenser as good, bad or worse tI it d 
sible by assuming that the vari ndenst 
ply a question ol condenser desig? I} 
drawn that the various results can be obtain 
tically the same, cost, which Is incorrect ~ 
are possible of attainment, but would not shov 











completely as in the paper. Mach is strongly influenced by the 
sible range in operation of the other, and | would like to show just 
the relative SIZES and COonseq ul nt Costs of thre Diants w | } ror 


by the results desired. 


f Observers agree that the heat transferred through conden 


surface varies directly with the mean temperature difference: 


the two sides of the tubes. Whethe this mean should ( U! el 
or reometrical is Immaterial ror thie present CGIScCussiol i} IO! 
plicity I have selected the arithmetical meni 

5+ It is unnecessary to assume condensers yg 
design and effici nev; mm fact, 1b hopelessiv comy 
and for my discussion I have assumed a condense y 
and maximum efficiency with a rving amou 
permit us to obtain the various results tabulated Mr. B 

6 The fairly universal practice for hie 
few years has been that for a 15-dee. rise ti 
Ing circulating water, during its SA o 
be brought to within 15 dee > 
vacuum. The proposition is frequently made to a 0 deg 
the water and bring it to within 10 deg. of the vaeuu | 
fectly feasible. hut we must see what this involves 

7 It means, first, that 1f we must irry awa the heat ft t! 
steam by increasing the temperature of thy rculating water 10 deg 
instead of 15 deg., we must } e oO per cent ns 
quently larger and more expensive circulating } y 
With a 15-deg. rise to within 15 leg. Of the lun ( 
mean temperature cliffere ( thie ter s U! 
tubes will be 2215 deg. With a 10-dee. rise to wit 10 9 
vacuum temperature, the difference will be ly 15 deg 
ter case 50 per cent more surface be required 

Ss Following the 28-in Wn ell o, 7 Vill ed 
Mr. Bibbins has added practi 1) deg. to the cond oO \ ( 
has given three curves—one for a good conder \ 
difference of 10 deg.: a ve Vi fT ent condenser, 5 deg 1 
deser, 0 deg. 

v Let us consider only the perfect or maximum-ellect conde 
with varying surface to produce the results named. For the zer 
degree curve the mean awerenes etween the steam and wate! ie Ol 
the tubes will be 714 deg; for the 5-deg. curve this becomes 1214 dee 
and for the 10-deg. curve, 17! » deg. Or, if we should take che cas 


) It is impossible to differentiate the tower and condense! quite 


Por 


now 
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where we add | il 10 deg to the water, these three mean diffe rences 
would become 5 deg LO ds v.. ame 15 dee resp tively, so that the con- 


denser for the zero-degree curve would have twice the surface required 


by the condenser on the 5-deg. curve and three times the surface 


10 Whuile there are several plants which report a 


irculating deliv- 


' 
ery temperature at approximately the temperature of the vacuum, it 
s evident that no plant should depend upon such a periormance to 
tT ! trie ono i results pon whiel The plant nvestment is 
sf Ss thls Voutd require ibsolutels pertect: test conditions In 
eration; it would give no leeway at all and would result 

O Witt riation in performance for a slight fall ng otf in operat 

t eC] slight air leak would result in lowering the 
temperature tte iCULUT Space > deg With a consequent loss Ith 
nin heat transfecer owing to the presence of 
{ hese matters st be considered vddition to the 
\g ng the 28 cuul ne in Fig. 7 until it inter- 
cept the 10-deg Irveé it Ww be found that it calls for water at 75 
leg., the 5-deg 1 calls for SO deg. and the zero curve for 85 deg. 
All these CONdITIONS Hssume Tha these results depend only upon the 
condenser, | inderstand the table correctly, call for the sam« 
quantity ol s had wate the temperature of the eir ating wate! 
| \ { note (] iM he tI ised 1d (Ley lh ¢ wel) Cas The with T 1s) 
es that the water is cooled to the temperature of the out 
~ if ' 

b Alt! ug | ali sure that the author dqdoes not intend to convey 
the apparent meaning, the further statement is made that this calls 
or a fixed cooling tower performance; in other words, as | understand 

I tne size ot tower and thr oe riormance Will be the san to cool 

given quantity of water through the same range in temperature 
rrespective ¢ 1! ternperature of the an 

o et us follow this a little further, and in line with the general 
issumptions, assume for this purpose that the hot air leaves the tower 
t the temperature of the hot water and LOO per cent saturation \ 
reference to psvchrometric tables it will be seen that each cubic foot of 


air at 70 deg. temperature and 70 per cent humidity, when inereased 


to So deg. and 100 per cent, will take on 7.15 gr. of moisture, whereas 


a cubile toot ine reased from 17 «lee ana 70 per eent to 62 deg and LOO 
per cent, will take on only 3.575 er. of moisture: that is, although the 


emperaiure Is increased 15 deg. just the same, the air carries away 
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but one-half the moisture at the lower temperature howling that 
twice the arr capacity of tows emciency will be required t tiie wel 
temperature Ihis is bette derstood wh ve consider that 
within the usual air temperature iInges, The moisture arry i Cupae 
1 , 
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at the speed necessary to supply the additional pressure require «| hy 


] 


the low wind draft. This is also ac complishe a ty the use of additi 


draft doors. 








Pror. WittiAM D. Ennis. Will Mr. Bibbins explain in more detail | 
the derivation of the curves in Fig. 7? The tower must provide cool 
ing sufficient to absorb the heat liberated with the exhaust stean 
viz., 939 B.t.u. pel pound. The amount of cooling in each Case would { 
then be 939 divided by the weight of circulating water per pound « 
steam. On this basis, the maximum temperatures of entrant au 
agree closely with the curves at 27-in. and 2S-in. vacuum, but ar 
about 1 deg. higher than the curves indicate at 29 in., and 2 deg. o1 
3 deg. higher at 26 in. Thecurves should apparently be more near! 
straight. 

2 The paper gives unusually complete and valuable data on man 
phases of cooling tower operation, but it Is to be regretted tl 
matter of loss of water has not been dealt with In more cet i} 
is perhaps the most vital questior NIanufacturers are 
asked to guarantee a limit of ss, Dut it Would be just as logit 
ask for a guarantee as to the value of = \ rough est 
offered is that the loss will not exceed the amount 

8 Mr. Bibbins gives data from three plants: that at Duques 
which the makeup water was from 10 to 20 per cent; the Pot 
plant, in which the loss of vapor | vindage Was oc¢asi 
as LO pr r cent of the volume (ot water’) passing throug! 
and the Detroit natural-draft plant, in which the uD 
was 2 per cent of the wate! passing through; practically ¢ lal 
weight of boiler teed The average cooling per hour was (293,530 
5910.6 16.23 = 4,860,018 B.t.u ach pound of water 
if we neglect the cooling effect of the air, 1 st the ive al 
tL. SOO OLS 

aoe 816 B.t.u This is the nearest te » 1 
2970 
have ever seen in a ecooling-towel! test 
| | sually, and this apparent! ipphies to the two othe 
cited by Mr. Bibbins, the loss of water is far greater than theor 
cates as necessary The cooling of the water is accomplished 
the absorption of heat bv the air and (6b) the evaporation otf a portion 
of the water. When the minimum temperature of the air equals o1 
exceeds the maximum temperature of the water, the first effect 
becomes zero When the air is initiallv saturated. the second eftect y 


becomes zero. except as the alt ~s heated during tS DASSAL' } der 
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unables us even to re¢ 
sit that almost invari: 
t thus computed as 
Bibbins has considers 

nh case some exposithi 
eal nh TSS4, unc 


iunsfer of heat to 
the loss of wate 
“« not exceed In 


heat of \ aporiza 


‘laim some of the 


ibly the make-up 
necessary? It is 
di this question ol 


{ Deu f Dean Brother ide araw 
i cooler that was built for the Kane Milling Co., Kane, Ill. 1 
that vas the first one erected in the United States, and it Is 

! rate ve ithenticated case o ery early installation 
T ‘ ité 1 tol two ‘ ra t ne then destroved ty 
{ - | n remembe he installation performed in a vet 
‘ 1? oor yi i Cons iering Thy ei rit ‘ atats oot Thre 
t 1 

! ns tl the ng ver field is ve omparative 

| ! ! ears or ! re rhe On ng tower ha een on a 

: ts design and nstruction constitute a 
engineering that is just as distinct and as well developed as 
ho hich deal with other specialties such as gas engines 
irbines lL the like When we consider that one builder 

e has constructed about 2000 cooling towers which in the aggre- 

ir’ pable « cooling condensing watel ro about 5,000,000 

sePOWwe ve must admit that this cd e has progressed a long wa\ 
>] the rudimentary steae 
not excessive Cost ol i ) ho edge that has restricted 

f COOolNnE 1 ers in the United States It is because nature 

been so good to us that the conditions in which cooling towers are 

e or necessary are comparative rarer than in the less favored 

more congested European countries, where these devices have 

hed the highest state of development 

[ regret that the author is not presented in exactly the same 

1 the two tests of the cooling tower deseribed In Table 4 

na complete log of the principal observations made at approx! 
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that month on which the maximum temperature reached 90 deg., to 
say nothing of the average. If there were 10 days in the month of 
June 1906 on which the temperature exceeded 75 deg., it is difficult to 
see why there must not have been at least as many days on which it 
exceeded 70 deg. The quantities set down in the columns headed 
‘Average for Month’’ require some explanation to make them in- 
telligible. 

16 The theory of cooling towers is simple, and any one who has a 
reasonable acquaintance with that branch of natural science which 
deals with heat, may easily know it a little or even very Wi ll. As far 
as the theory itself is concerned it would be hard to improve on the 
clear, concise and generally masterly presentation of the subject by | 
J. Weiss, inventor of the well-known Weiss condenser, which appeared 
in a book entitled “* Kondensation,’’ published in Germany about 
ten vears ago. But as in all branches of engineering, the coefficients 
by which theory is reduced to practice, are the property of the few, 
who by special application and practical experience have come to 
know the subject profoundly. 


Barton H. Correy.' The advent of the turbine with the high cost 
of fuel in steam plants and the increasing cost of water for cooling pur- 
poses in urban installations of refrigeratin apparatus, are making the 
cooling tower a necessary means of economy. 

2 As the author remarks, the literature upon the subject is scanty; 
in fact, with the exception of C. O. Schmitt’s paper before the South 
African Association of Engineers in 1907, there is scarcely anything 
extant that I know of, worthy of the name. 

3 I do not wholly agree with Mr. Bibbins’ presentation of the 
meteorological conditions to be met by cooling towers, as given in Fig. 
land Table 1. The comparison of average humidity and temperature, 
as given by the weather bureau, is a little misleading, as the humidity 
observations are made at 8 a. m.and 8 p.m. only. In lieu of hourly 
humidity measurements, I think it better to take the average aqueous 
pressure at 8 a.m. and 8 p.m., as it is known that this quantity changes 
slowly, and from this the hourly humidities can be caleulated. It will 
then be found, of course, that as the temperatures advance toward 
midday, the humidity falls, thus tending to maintain average thermal 
conditions with respect to cooling towers and explaining the approxi- 
mately uniform results actually obtained. The mean aqueous pres- 
sure for July, covering a number of years, work out about as follows: 


With Edwin Burhorn, 71 Wall Street, New York 














COOLING TOWERS 239 


TABLE | MeraAN AQgueous PRESSURI 


Actual Aqueous 
Pressure 
soston, Mass Q.5421n. mercur) 
Philadelphia, Pa... 0.614 
Salt Lake City , Utah () 206 
St. Louis, Mo 0) 64S 


At St. Louis, therefore, where the mean maximum temperature Lol 
July is 88 deg., the relative humidity would be 49 per cent against a 
mean humidity of 66.1 per cent, as given by the tables, which is dis- 
tinctly a more favorable condition for cooling towers 

1 While on meteorology, I would like to call attention to the 
statement in Par. 156, that the tray ol atmosphe ri type of tower cools 
only by means of “transverse air currents from the side’, the obvious 
deduction being, that without wind this type ol tower fails. As a 
fact, in a dead calm the efficiency of all forms of tower falls off, but 
this condition is of small practical account, as in the interior region the 
percentage ol calm rarely exceeds 2 per cent ol the month and on the 
seaboard is practically unknown. However, in a dead calm the towers 
still continue to work, due to an ascending column of warm air and 
aqueous vapor over the tower and a corresponding horizontal inflow 
of cool dry air. This condition must exist, otherwise the entire space 
surrounding any tower would become filled with warm saturated ait 
and all cooling would cease. In a foreed-drafc tower for « xample the 
fan would be simply circulating air having no capacity for absorbing 
heat. \ propos of this, I have records from an atmosplhi ric tower on 
refrigerating work for the entire month of Septembe r 1907, taken with 
recording thermometers, in which the cooling water from the towe1 
was maintained at an average of 75 deg., never exceeding SO deg 
with a cooling range of about 10 deg. 
5 In Par. 136, among the elements of design, Mr. Bibbins advises 
“Avoid free falling water. It should be distrubuted so as to descend 
clinging to some form of wetted surface.” I would like to know the 
basis for this statement, as probably by far the largest number of 
towers In use throughout the world employ the principle of finely 
divided falling water, as, for instance, the various forms of atmos- 
pheric and chimney towers in Europe, South Africa and this country 

6 As 75 to 8d per cent of the cooling is due to evaporation, which 
can take place only at the surface in contact with the air, the form of 
cooling surface is of great importance. In a cooling tower with free- 
falling water, the cooling surfaces consist of the hurdles or decks and 


the exposed surface of the falling water. Experiments show the 
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11 With air at 80 deg. and 80 per cent humidity, to cool 600 gal 
ol water per min. to 8O deg. would require about 70,000 cu. ft. of air 
per min., requiring about 17 brake horsepower in a fan towe1 \n 
itmospheric tower of like capacity, having 960 sq. It. Wind exposure 
would receive 248 000 cu. ft. of air per min. at a velocity of 4 miles pet 
hour. In steam condensing, with a limited space the forced-draft 


tower Is, of course, the only available type. 


CARL GEORGE DE LAVAI The author states that the present 


Ist cooling 
I ers na. Tul er appr irs to g e thie hipre on 1 thie cooling 
tower 18 a es! tan not a pel inent apparatus 

2 i thre lasses ol towers ores iralt, natural-dralt 
ind ination of bot! he last-named Ing used elthe Wa 
lepending on thi ison of the yea The selection of e type 
should depend o1 matic conditions, cost, etc., a dry climate being 
est sulted ) ig LOWeI! 

+ The author states that the costs range fron 54.50 to 36.93 pel 
KW., Which appear to be slightly higher than market prices, the reason 
erhaps being that the author had imposed severe conditions when 


asking for bids on cooling towers, ther DY Increasing the costs. 


} Let us assume a plant of 1,000-kw.. cons iming 19,000 |b. of 


steam per hr., basing the condenser performance upon the ordinary 
\0-deg. difference in a counter-current jet condenser, and upon a 
27 in. vacuum, with air at 70 deg., and 70 per cent relative humidity 


\ cooling tower with interlox King pipe hiling can be buult approximately 


19 it 30 {t., fitted complete with fans, for about $5 per kw., and 
a wood-filled tower about 21 ft. by 35 it, for about $4.50 pel kw 
o he author ts correct in stating that installations are not being 
ifficiently studied, and this, no doubt, is the principal cause for the 


ulure of cooling towers and has prevented their more general adop 


tion. It is not sufficient merely to obtain information as to ma 
mum | d team consumption, maximum temperat ire and humid 
but it Is necessary to know whether these maximum load condi- 
tions must be met at the conditions of maximum ten peratures and 


humidity, and if so, for how long a tims 
© Let us assume that bids are asked for a coo 


the conditions named being an ait temperature of 75 deg. and 


r tor S.UO0 


7 per cent humidity, 27 in. vacuum, no time being stated when this 


load of 8000 kw. is likely to oceur, and what its duration is Che 


real facts may be that this load comes in winter only, and that in 
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13 ft. 4 in. deep with a drop at the bottom of from 6 ft. to 11 


al 


according to the size of the tower. With a distributor yperating 


. I 
head of 5 ft., this gives the largest towers a maximum pumping | 
plus friction in the piping, of 29 ft. 4 in. against 


approximates 


ft. as required in the experimental natural-drafi tower at Detr 


shown in Fig. 9. The horsepower necessary to pump the water 
additional 8 ft. 8 in. in height will offset the usual fan horsepow 
making a natural draft tower of this type more expensive to 0} 


than a fan-draft tower 


ers, 


15 <Asto the mat of wood swelling and being thrown out 
[ would state that towers have been built with a ero ( 
filling, and four of these have beer n satisfactory operation since 1904 
In these towers were used 2 in. by 2 in verticals at ; at. o] 
the filling, with the boards nailed so as to hold the filliy g nd 
prevent distortion or formation of large open gaps throug! rpll 
of the filling 

16 The cooling towers illustrated in Fig. 3. are furnished 1 
forated pans and have free-falling water. th sides being re 
This tower depends for its efficiency upon a cross bre 
inefficient in still air as the air cannot rise wit] in the tow ! 
of the pans. A strong breeze will blow most of the water « ¢ 
the sides of the cooling towel nh spite ol the scree { el 
shown in hig, } occuples conside rable space, and also e¢ 
tional space in the immediate vicinity because of loss of v hroug!l 
windage. The tower illustrated in Fig. 5 is evidenth ich le 
efficient than that in Fig +, because of the large amount of fre¢ falling 
water. The free-falling Ol plashing of water is 1 very nt 
method of cooling Water Lor prope cooling should always br 3) | oh 
down in contact ' t! te o that it will descend slow] ind thus 
have close and int te contact with surrounding ait 

17 In Par 26, the author o es the total cost of the Detroit t I 
erected complete and including filling, distribut he pipe Oul 
tions, ete., at $1350 It appears that the steel work. if mad 
at least No. 10 gauge, would weigh approximately 20.000 Ib.. whic] 
at 03 cents per pound, which is about a OW rat f One 
would require an expenditure of $1300 for steel work alor he 
lath filling and the worl of assembling and installing t} Lowe l 
cost about S400: the timbe) supports, distributing piping. ete 
about $250; concrete foundations an additional $250. o7 1 total cost 
of >2200. Assuming a load of 1000 hp. with 19,000 Ib. of stean pel 
hour, vacuum 24 in., with a temperature difference of 10 deg., the 


© 
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circulating water being cooled from 130 deg: to 105 dee.. air at 70 


deg. and 70 per cent humidity, a pipe-filled cooling tower of the fan 


) 


type, measuring 13 ft. 6 in. by 35 ft. could be installed for about 


SP 500. 
IS The results of the test civen in Table 5, with atmospheric 


temp ratures ot trom IS4 deg. to 30 deg.. are not complete for a 


natural-draft tower, as such towers fall off in « ficiency very rapidly 
when the air temperature is raised. The results at temperatures from 


70 to sv cle - would not be so favorable. 


19 In Par. 30, the condition of seale cov: ring the wooden filling 


17 
i} 


would be experienced in any tower, and is usually encountered wher 


well water is used to make up in cooling towers for refrigerating plants 


The scale forms a protecting coating in a pipe tower and prevents 


| —_ . } 1] 
possibie rusting ot the pipe filling 


20) In Par. Kw the autho! rejters tO possible advantage s of a slotted 
pipe as compared with spouts on a distributor arm, in regard to clog 
olng The pouts used ny Some first-class di signers are 1 in. in dia 
mi nd are consequently much less liable to clog than are pipes 
I ny a I) In the top 

21 InP 9, the author refers to the use of sprays over a pond 
his seems a very simple apparatus, but it must be realized that th 
sprays require trom 15 to 20 lb. pressure at the nozzle and so con 


sume more power than required for circulation through a cooling 
tower of the fan type, and in most cases as much power is Is required 
both for the circulating of the water and for the driving of the fan 

22 The arrangement of cascade or cooling spravs on a roof as 
described by the author is not new The installation was in use by 
J. H. Stut of San Francisco, previous to IS92, being place 
roof of a factory. Galvanized troughs, 5 ft. wide were arranged 


in tiers on a slight incline so that the water traveled back and fort] 


a distance of about 2,000 ft. before being returned to the condense 
\n arrangement of falling from one trough to another, thes trougns 
being spread out upon a roof. was used at the old Budweiser Brewery 
in Brooklyn previous to 1890. The sprays and roof trou 
open to the objection that if there is a strong breeze the water 
carried all over the surrounding neighborhood and if there is no breez 
a heavy log qui kly collects at the point Or spray and thus oTreatly 
reduces the amount ol cooling. 

23 Referring to various types of filling illustrated in Figs. 8a te 
Sc, Fig. 8a offers too serious an obstruction to the draft within the 


tower closing more than 40 per cent of the space necessary tor vert 
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cal circulation Oo! an A AYA] ) recent cove i | ferloekn 
pipe -filling QO! PAS per cent | riliineg | ini ( ) 

trated must fall as shown in t! etc] order t perate efficiently 
that is, the water must strike t} ns on tl ( not the 


filling, but this they will do o; the amou vate 


practically constant, otherwise it i@ tO Splll Over several rows ol 
filling, and result in quick de nt and consequent loss of efficiene) 

24 The filling illustrat. Fig. 8b is that used by Henry W 
Bulkley, and dep t tower show! 


25 Ihe | ! ha’ \ ( " 
between t! PVE ( 
rhe filling 8 
require ad 1 t 
thing in tan | DOV S 
the dratt ( 
left The \ ' 
hoard, where { ! 
Ol the hy ! 
If) Phe fil o S/ _ ~ 
is open to the object ( t ’ 


tributed at tl 
Irom top to bottor he f o § 
ter. Otherwise it is one t< ! eebioy SX 


2/7 In Par. 23, and 
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is brought to the temperature of the exhaust steam, the smaller is 
the volume of water necessary, since volume and temperature ris 
are component factors of the B.t.u. extraction. Therefore, with less 
volume of water handled, the size of the condenser may be reauced 
and consequently furnished at a smaller cost. 


4 Aremark made by the author in presenting the paper, that 


an inefficient condenser and an efficient cooling tower go hand in 
hand, bears further explanation, although the statement was modified 
somewhat subsequently. \\ ith an inefficient condenser, the vacuum 
is not likely to be very good, and therefore, with the higher tempera- 
ture prevailing in the condenser, the water might pass to the towe1 


{ 


at a higher temperature, making it easier for the latter apparatus 


to perform its work On the other hand, the statements might b« 
applied with equal, ii not greater, force to efficient condensers which 
are able, for the same condensation, to create higher vacua, besides 
heating the discharge water up to the same final t mperature head 
as the inefficient type, there being little or no terminal difference 
an efficient design at its normal capacity. Moreover, considering t] 
benefit accruing to the prime mover, a smaller volume of water may br 
used and worked at the same temperature as in the inefficient typx 
of condenser, thus inere asing the ssibility of the tower. I would 
qualify the above statement to the extent that it deals with a com 
parison of condensers designed for the same vacuum, and evident! 
would not hold for a case where a ve ry poor vacuulm Was admissible 
} It might be well to state here that a near approacl to the theo- 
retical vacuum is not an impossible condition in actual operation 


This implies, of course, that the character of the condense! 


desig) 
the counter-current type with an efficient air pump fulfills the 
requirements. In a test which I conducted last Fall on a 1000-kw. 


low-pressure turbine equipped with a counter-current jet condenser, 
the following results were obtained: At three-fourths load with 83 
deg. injection water, a vacuum of 28.20 in. (30 in. barometer) was 
maintained, and the water left the condenser at a temperature of 
96.8 deg. The temperature corresponding to the vacuum was 97.6 


deg., giving practically one degree terminal differences 


o I have observed that temperatures Ol the water leaving the 
tower were several degrees colder than the atmospheric temperature 
in warm weather, the difference being as much as ten degrees at 
times. 


6 With the increasing recognition the cooling tower is receiving . 


it would be desirable to have th Society define a standard basis ol 
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the efheiency of the apparatus. There is a conspicuous 


lack of harmony of opinions as to what constitutes the governing 


characteristics ol tower performance 


T.C. McBripeE In the earlier parts of the paper the author would 


lead us to believe that cooling towers have not received the scientific 


attention warranted Reference to the literature on this ibject 
and the work that is being done hardly confirms this fact \ con 
siderable number of manufacturers have for some years past been 


supplying cooling towers designed on scientifie lines, and the pro- 


posals submitted by them, particularly on fan-type towers, are Im 
telligently framed and leave no points whatever open to guess worl 
2 The paper very properly calls attention to the intimate rel: 
tionship of condenser efficiency to cooling tower performance, but 
n doing so is extremely unfair to the condens in fact, in speaking 
of different types of air pump, the author almost leads us to believ« 
tT} tT << ‘ r¢ wero! TQ Others Tl it Thre j ] ry T hye entre 
1p ( mpared to that created othe ur pumps 
> (Condenser engineers now agree that the efhicier of condense! 
, h regard to ti ‘ parison ¢ qaischarge-water temperature wit! 
theoretical vacuum temperature, is as much a question of the average 
temperature of the vapor in the condenser as its design The average 
temperature of the condenser Is necessarily determined the amount 
ur present therein, and is a direct function of the ratio of the an 
emMmoving ipacit Ol the alr pump and the olume ol r reaching 
The ( naense! Vill tiie STeAMm Lhe merit of The r pump Cann 
herefore be determined either from the vacuum obtained or from the 
relation of the discharge-water temperature to the theoretical vacuun 
temperature Hut is wholly p> | que stion oft thre cap T1 0 The 11! 


pump to handle air at the least expenditure for power, maintenance: 
interest on first cost and depreciation. 

t It is true that the question of condenser efficiency and air 
pump efficiency is somewhat involved with that feature of condense 
iving to do with the reduction of air-pump suction tempera 
ture, but as all condenser designs should take care of this feature it 


may be eliminated from the comparison of types of condensers ol! 


types ol air pumps It is conceded that the author’s division of 
condensers and air pumps into good, indifferent and bad classes, 
n accordance with the vacuum and discharge-water temperaturt 
yhbtamed, follows lines which have been venerally accepted in the 


past; but a ew trom an engineering standpomt must considet Tt 
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of rates of heat dissipation and humidity in each successive zone of 
the tower. Which part of the tower does the most work? Assuming 
air to be discharged exactly saturated at the temperature of exit, 
what spacing of mats is correct to produce a proper gradation of 
humidity from, say 70 per cent at entrance to 100 per cent at exit? 

13 Regarding the inconsistency of Fig. 13, Mr. Longwell has 
forgotten to reckon the “lost head” shown in Fig. 12 approximately 
10 deg. There is thus a very small discrepancy. However, it is 
hardly safe to int rpolate in such a case. It is already point d out 
in the paper that the tower is working at a disadvantage, owing to the 
extremely poor condenser performance, that imposes an extra burden 
on the prime mover as well. 

14 The circulating water ratios adopted as a basis of the curves in 
Fig. 7, were so adopted to approximate average practice, otherwis« 
a ‘“‘family” of curves would replace each single curve shown 

15 Mr. Coffey favors the use of vapor pressure in lieu of relative 
humidity. The author entirely agrees to this method as more scienti- 
fic. However, absolute humidity expressed in grams per cubic feet 
perhaps has a more direct bearing on cooling tower work. 

16 The suggestion ‘‘to avoid free falling water” should hav 
been amplified in the paper, and Mr. Coffey justly directs attention 
to it. Compactness or maximum duty lor a given size 1s so essential 
In restricted locations that the atmospheric type is handicapped 
not debarred, which he himself recognizes in the closing sentenc« 
The pape r is directed entire ly along these lines ot maximun d 11 and 
especially toward the development of the natural-draft type 

17 Mr. de Laval advances the argument that a tower should 
not have to be designed, rated and purchased entirely ON @ peak load 
basis. This is entirely in agreement with the author’s object in 
presenting the combined natural-force-draft tower with fan auxiliary 
for use only during peak loads or during bad weather 

18 The objections of Mr. de Laval to the construction of the 
Butte tower are, however, not well taken, as the construction is mort 
substantial than as described by him, and several years’ service has 
not developed the defects he mentions 

19 The tests made at Detroit occurred, it is true, during the 
colder season, but in Par. 29 it is stated that the tower showed very 
little difference in operation in winter or summer—this on the advice 
of the chief operator. 

20 ‘Tables IV and V present the temperatures asked for to sub- 
stantiate the assertion of a safe rate of heat dissipation of 200 B.t.u. 


per square [oot per hour for the lath mat construction. 
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ABSTRACT OF PAPER 
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, RLES \ H GUI Phe ractice reterred to rie ithnol 
vr Tt} { rie irea thre lvl | pul rwort 
I ertain relati expr ( or lI 
ess Irequen na it 1s ) 
! egarded altogether. The relat e nger 
i! ( ent r ‘ n the 
ju ! vate o ‘ handied re ‘ T ng ( 
CLO Ol the water through the i e seat Oo I 1 Nunes 
chamber as nearly complete as possible under the conditio1 
Z Che total valve area, or total area of valve-seat open iv, ought 
to agepend upon the velocity needed to pass e req ead quantit 
Ol water In a given time Some authorities ivocate a vt f not 
to ex ed 5 It. pel sec., othe rs 4 ft. per set ind Sole VY a 2 
It. pre Cf ‘lwo factors are to be considered, as lows 
a. lirst is to the lift of the valves Che lowe tl pressure 
ind the lowe! e speed ol the engine, the higher the valv may lit 
on the contrary Lhe higher the 


pressure, and the higher tl 


1wohe e speed 
ot the engine, the less the valve may lift, if a smooth, ea running 
economical engine is desired. 
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a The absurdity of specifying the ratio between plunger 

and valve area without other limiting clauses 
b Specifying an unnecessarily large amount of valve area 
Mr Nagl suggests as a remedy for the first, specifying 
through the valves rather than a percentage of plunger area, and 
for the second, the use of lighter springs, thus enabling the 
to rise to their full lift and thereby reduce the number of valv 


required. 


2 In regard to the first. there is an increasing tendene 


imong 
engineers to specify a maximum velocity of flow through th 
rather than their area relative to th plunger 

3 Quietness Ol operation rather than cost is the fir ( 

tion in the design of pump valves, and the present exe 
areas have grown from this dea Time is also an important ! 
in determining pump valve action; therefore, the number of r 
sals or valve seatings, rather than the piston speed. is the nortant 
factor, and consequenthy valves of small diameter and thi I 


relatively low lift, have displaced the large diameters in commot 


use a few vears ago 
4 To further decreas the lift of the valves and, thers fore T 
mit them to close quickly and q etl, at high speeds valve 


have been increased to a point where in actual ope ration t} 


lift only a fraction of the theoretical he ight to wl ich they hould lift 
to give a full opening; in other words, large valve area 
for the purpose of not using it 

5 If on a high-speed (high-revolution) pump the’ 
fitted with light springs, permitting them to lift to th oht 
as suggested by Min Nagle t is probable that the 
exceedingly noisy, as the valves would be so far from the { 
the time of plunger reversal that they would not seat until the fi 
through them had reversed, and this slowness in seat c 
still further aggravated by the light springs employ 
no doubt, however, that in many cases the springs u 
sarily stiff and on slow-speed engines the lighter” 
found satisfactory 

f In earlier practice particularly with direct 
valve area was small in proportion to the plunge: 
were obliged to lift nearly to their full height In this tvp 
as the plunger speed was relatively high to nearly the 
stroke, the valves became noisv if the pumps were opel | } 
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7 With the general introduction of the crank and flywheel pump 


came higher rotatlve speeds and the necessity for large! valve area 


and smaller valve opening, 1. e. lower lift, until present practice | 
ervstallized at velocities of 3 ft. to 34 ft. per second through th 
alves and valves of between 33 and 4 in. in diameter for ordinal 
waterworks service In general, the best results would be obtained 


engineers In drawing specifications would limit the mean velocity 


. a 
fa) water thro ru the vaives at about oilt. per second and the diamete!l 
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rABLE I PROFESSOR BACH’S EXPERIMENTS WITH 4 PLAT 
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cussion. The omission was not referred to, however, and he is now 


able to supply it himself. 


7 Ina German book on pumps and pump valves by Herm. Haeder 
Duisburg, the subject is treated in an exhaustive manner. The 
Lc ial coeflicients of contraction are given, with the results of lnpact 
upon the valve, based Ipon experiments by Professor Bach In what 
follows reference is mad only to that part which bears on the sub 
lects of flat valves and flat seats, of which the inside and outside 


eas bear the ratio of 1.00 to 1.44. The notations were originally 


in’ French, but in what follows have been transformed into English 


unit 
Rety 
| / | } 
1 | ——_ 
\ \ . AEE ees 
| } 
| Te 
| STt 
| | RERRVSNS BNA 
| 
| | | 
| | | 
| | 
| | 
| | | 
--' p | \ 
—————- 
a | | 
| 
Sy eee 7 
SE 
Kia. 1 APPARATUS USED BY PROFESSOR BacH FOR DETERMINID 
COEFFCIENT OF CONTRACTION 


‘e hig. 1 shows the apparatus used by Professor Bach Table 2 
Haeder 261) gives the original data and results obtained and some 
caleulations of my own, the better to elucidate the subject 

9 Fig. 2 and Fig. 3 (Haeder 110 and 110a) show a valve closed and 
one open, with the respective formule for the two positions of the 


ilve, giving the values for velocity or pressure in the two extren 


( 
Lil 


positions. ‘“‘Open”’ signifies a lift of one-half the diameter, whicl 


needless to say, is far be yond American waterworks practice 


i 


* The original tables in French units can be referred to in the thors man 


cript on file in the rooms of the Society -EDITOR 
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10) Table 2 (Haeder 213 
mediate positions ol thi valve 
Important coefheient of 
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14 First. ascertaining thi veloeity throug! the 1 ve Dy the ald ol 
Table 2, the spring tensions were as follows 
Case 1: initial, 0.60 final 1.55 HI er sq 
i > 
(‘ase 2 init () {) 1 
(‘ase 3: initl 0 0.77 : 
The formula for the ( I a8 I 
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per square inch of inside valve area and usually runs from 0.30 to 0. 60 





Ib per square In h at the beginning of the lift. and it ought not to be 


quits double this amount when the valve is full open to its stop It 
will be this final tension, plus the weight of the valve in water, desig 4 
nated by pin Table 2? that will be the dete rmining tactor tol! the velo 
ity of the issuing stream lo illustrate, if the final pressure be 0.81 | 
lb. per Sq In., With a lift of 0.15 the equation (set Table 2) for J 
| .16V 8] 10.44 it. per se 

23 The discharging area the net circumference of the insid 

ive diameter C, taking out the ribs whether they support the va 


or not, multiplying this by the actual lift and this product b 


coefiicient of contraction uw, as found also in Table 2, which, for the 
LITT cited. is 0) 56 


24 Ale braically expressed, these factors become the denominato! 


in the Formula 4, 
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DISCUSSIO? 
REGINALD P. BoLTon It appears to! 
was an invitation to the trouble that followed 
sary to go back into the experience 1 ott 
others have suffered in the same mannet If the view « 
as presented 1n the paper Is turned hor 
that it is a locomotive boiler cut off short I 
no combustion chamber whatever in it. This iler was to bi 
to a service which might eall for a rate of combustio1 ] 
which would demand double its rated capacit: itput » UI 1 
double aggravation of a very small combustion chamber an 
large rate of combustion, was present. 
2 The design of the boiler is radically defective i! 
ant points, namely, the tubes are entirely too long 1 ( 


bustion space was entirely too small. [1 now y neal 
century ago that the experiments of Geoft \ il etiet 
the futility of unduly lengthening fir 


strated 
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ments demonstrated the rapid reduction in efficiency due to leneth of 
tubes, under various conditions of draft and rates of fuel consumption. 
Almost precisely the same conditions were teste 1 as in thea lu! or’s 


boiler, as follows: 


» A consumption of fuel eeding 50 Ib. per square foot of 
grate, under an air pressure of 2.36 in. with the following results: 
lire ( 
iis ( 
Second 
Chird 
Fourt] 
lift ee Te 
a 
| An examination of 1 f lit mig 
author from the mistak 0 ot 
of tube. involving not ! 
ol leakage as a result of exp ! \p 1 
other defective leature the bouer if 
to reduce the tubes at least five 1 engt! ind ould { 
have given better efficier 
>» The general type « ! 
unless we may so regard tl estrict 
whiel T hve T Lhe 1) 1 \ ) ( ryt +} } or 
allowing a total capacit ( Si 
the VASE ( mi | 
b \ vel mpl np l 
10 lb. of coal per square f rea 
of products of oO! l ore 
heavy draft COULG ( 
tubes, and that incomplet 
7 The addition of 54 ft. to the height of the el} 
arrived at only aiter three ‘' ! 1)¢ ence with this ( ©} 
doubled the effective space for ! istion, and also removed 


ends of the tubes from thi rect ction of the blast { , 
observed that A Duteh oOvel vould have itforded et 


) 
perhaps less expense 
8S The reason for the adhe n ot molt ( 
the tubes, need have presented littl lifheult } ) yast 

















LEAKY VERTICAL FIRE-TUBE BOILERS 269 


experi nee, since the ends of the Lubes were placed so close to the 
fire This result developed in the fire-tube boilers of H. M.S Poly 


yhemus nearly thirty years ago, and when found in the boilers of 





7 
I 
locomotive s is clue TO precise ly the Same cause. 

4 It will bye not ced that t} e Hest of} the tests which were mace 
after the change of combustion chamber was effected, is that in which 


t } erate of fuel ( onsumption is least 


10 I agree with the quoted conclusion of the second boiler ex 
pert, referred to in Par. 6, and am at a loss to understand why suc] 
in opinion, thus expressed, was regarded as unsatisfactory t may 
re hoped that the paper may stand a i warning oy} to other cae 
lgners If requires a great deal of courage to present a paper of 
t} kind, and the author should be thanked for bringing forward 


a record of a failure so that we may proht by the tact 


WituiAM Kent. I join with Mr. Bolton in praising Mr. Dean’s 


:; 

ourage in bringing torward a report of his taiure ind I regret that 
; 

eight or ten years ago I did not bring forward a record of another 

similar failure, not mv own, but that of some other man, which might 

have prevented Mr. Dean’s bringing forward a record of this failure 





street Station to go lm a very small Frouna pace 11 Vial Vel 
large plain vertical evlinder boiler, eight or ten feet in diameter, full 
1) ft. lon: nd : te it LOOO It had { 

n use more than a week or two when it began t il here 
wae re vav to tie f t tube shee ele 
ind tne boiler vas condemned and ta 1 

{ Al ! Che reaso Ul t 1 i ‘ na ‘ 
Thve rv ( \ S SET CLOSE TX Tie OTHL« rie T T ! Were je | ) 
Vice flu tuation ll Te] perature re OW ‘a 1? Ln ir} | 
erate increases toward the rear end, and where the boiler -wa 
higher there was more mixing of the hot and cold currents and, con 


sequently, less fluctuation in temperature 
Z The elinkering of the tubes would naturally increase the troubl 
hecause of the concentration and increased friction of the gases 


1 


the tubes that remained clear. 


Orosco ©. Wootson. This discussion has brought out the im- 





s portant fact that perfect combustion should take place before thi 


vases reach the tubes or shell of the boiler 
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Par. 13, there should be no trouble in remedying this fault \ prop- 


he 


erly conducted furnace test (apart from the boiler) with pyvrometers 


gas analyzing apparatus, etc., will show just where the trouble exists 


and will point out the needed changes as well as the limitations 


under which this type of stoker can be worked with the different 


ull 


grades of fuel used. 


Pror. L. P. BreckENRIDGI One of the speakers Said that the 
highest temperature in a boiler furnace is directly over the fire. Thi 
isnotalways so. We have measured the temperature twenty feet from 
the fire and found it higher [t depends on the volatil content ol 
the fuel and whether the flame has been supplied with a sufficient 
amount of air early in the process of combustion. It is this that 
determine s whether the high temps rature point 1s ten teet went 
feet awa) \lany times in our experiments in the St. Lou ile 
trials we have seen that « very time the Turnace door was opened the 
temperature at the rear end of the combustion chambe: went up 
because when more ait was admitted the combustion was better and 
the temperature increased 

2 For experiments concerning the transmission of heat throug 
a boiler tube, it occurs to me that Mr. Dean has designed one of the 
most satisfactory laboratory boilers I have seen There has bee 


much discussion ot late on the heat transterred through a boiler tubs 
as influenced by the velocity of the gases passing through the tub: 
This boiler with its large number of tubes would be just the type 


with which to make a test on this point. I wish Mr. Dean would 


burn a large amount of coal per square foot of § 


} grate in this boiler 


furnace, using, first, all the tubes, and see mndly, only one-half the 
tubes. If the same amount of coal was burned in each case the ( 
locity of the Vases through the tubes would be twice as great ( 


second case, and it would be inte resting to know the relative 
of heat transferred 

3 I hope that some time we may take up the question of the bur 
ing of fuel, making a distinction between the economical performans 
of the boiler and of the furnace We have reached a time when we 


can intelligently discuss these questions separatel Anthracite « 


i 


? 
l ) Ol 


on account of its high fixed-carbon content, is burned mostly 


the grate itself. When burning semi-bituminous coal. with 18 1 


() 
\ 


<0 per cent volatile content, a large combustion chamber is _re- 
quired, and as the volatile content increases the size of the combustion 


chamber must be increased. When burning bituminous coal, with 
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10 per cent volatile content and 20 per cent ash, the fuel actually 
burned on the grate is small. The grate supports the fuel and some 
coal is burned there, but it is in the combustion chamber that we 
burn fully one-half the combustible part of our fuel. It is evident 
that more attention must be given the proportions of our*combus- 
tion chambers when burning high-volatile coals, and especially at 


high rates ol combustion. 


Pror. A. M. Greene, Jr. In London Engineering for Octobe 
22 and November 5, 1909 appeared an article by Professor Dalby 
In Which he summarized a number of articles referring to heat trans 
ference through plates. [would commend the article to the atten 
tion of all the members of the Society interested in this matter 


2 In London Engineering for Feb. 1909, Professor Nicholsot 


described experiments showing clearly that only a small part of the 
possible heat transmission through plates is utilized. IT mention tl 
to ealil attention of the members to the tact that some adyatya are iVAl 
ble on this s ect In this article a given the formule for hea 
transmission which may by compared with the results of Grerman 
experiments recently completed at Dresden (Zeit. des. Verein Deut 
scher Ing., October 23, 1909 


WittiaAmM Kenr. In another issue of London Engineering, a cor- 
respondent showed that the idea of high speed of thi Vases being 
favorable to combustion was negatived by the Lancashire boiler, in 


which the flues are very large and the speed of the gases low, vet the 


1 


economy is as high as in any other boiler. 


REGINALD P. Bouron. It is mainly a question of the differences 
in temperature between the inside and outside of the heating sur 
faces. The lower the temperature of the feed water, and the higher 
the temperature of the fire, the greater will be the efficiency of the 


boiler. 


MK. D. Meter. I find myself in substantial agreement on som 
points with all the ve ntlemen who have spoke n. I want to Say tol 
Mr. Dean, that he is correct in his conelusion that the precipitation 
which occurs at the bottom of the tubes has a great deal of influence 
on the overheating of the tube sheet The other causes which wer 
mentioned are also true, but there is no doubt an accumulation of 


carbon ther I do not know whether Mr. Dean prese rved any of the 
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precipitate or stalactites, but I believe a large part of it was uncon- 
sumed carbon, which will remain at a high temperature for some time. 

2 Iam reminded of an experience which I had with water-tube 
boilers at the Chicago World’s Fair. I think there were ten differ- 
ent makes of water-tube boilers, most of them sub-horizontal, but 
some of the vertical-tube type and some of the bent-tube type. We 
were burning crude oil, and all the boilers suffered from the same causes, 

every one lost tubes by burning out. Some were careful enough to 
shut down a boiler as soon as they noticed the blisters on the tubes. 

3 The boilers which I had at Chicago were afterward placed in 
the midwinter fair at San Francisco, and were fired with California 
crude oil for seven months without a tube being lost. These boilers 
were afterwards sold with the condition that if the customer found 
any tube damaged it would be replaced, but not one was found to 
be burned. That bears on the subject mentioned by Mr. Dean 


The trouble we found was this: The oll is suppose ad to be atomized 
in the burners, but this is not always the case Little slugs of oil 
would fly up and adhere to the tube, and would spread and slow 

carbonize. They would not burn, because no air could get to then 


One little spot, a half inch in diameter, would become red hot 
spite of all the circulation of water, and would ultimately burn out 
and make a blister. 

4 When the boilers were installed in California, the oil burne: 
were placed lower and were directed downward so that the jet would 
strike the bottom of the combustion chamber at a distance of six 
feet from the front, hence there was no chance of oil striking 
the tube 5. Perfect combustion was obtained, and on one occasion 
one of the boilers was forced so hard that a picture was taken of the 
inside of the furnace hy its own heat. I have that photograph still, 
to show what can be done. One can see a perfectly white heat and not 
a single blister on the tube. In Mr. Dean’s case carbon was de posited 
and became incandescent, and gave an intense local heat on some 
point, which accounts for the failure of the tubes at such point. 

5 In regard to the combustion chamber, I agree with Professor 
Breckenridge. I have always been a believer in a large combustion 
chamber, and one of my early experiences in that direction was when 
in charge of a plant having two horizontal tubular boilers, using 
Illinois coal. At that time everybody in the Mississippi Vall y 
believed in river practice. The boilers, engines and dimensions of 
pipes, etc., were according to river practice. The boilers were set 
with the grate twelve inches from the bottom of the shell. | 
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raise d them to thirty inches, and [ was told I would not get any heat, 


but I got better results, and the boilers lasted longer. 
fire to the she 
incidentally I increased the ef 


in’the distance from th« 


ot course 


Davip Morra’ 


\IYERS. 
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Table 


The increase 


was antage, and, 


a 2reavu aa 
hie ollel 


1 of my paper on Tan Bark 


as a Boiler | uel, during the efficiency test the temperature inside 
the furnace was 1100, the temperature in the combustion chamber, 
inder the boiler, was 1475, the flu temperature 193, and the 
thermal effici ncy was é1.] per cent 
2 These figures prove that under conditions of good efficiency 
it is quite possible to have a higher temperature ome distance from 
the fuel than close to it lhe combustion of the gases is simply retarded 
to a later pol I I TI night be caused DY the com- 
I nig ( \ )] ait W I 1 I der lI ipply, SU 
{ ‘ ory oes not ce ito sufhi iently intimate contact with 
he o n the ! ynbustion cl er, tha in the 
l ( l) ( ed, tl ) iimost uniformly 
i l Z ! t ) We b | 7 per « it, with no deter- 
T ( () 
\. Bement. In ’ Mr. Dean deseri [ like the 
( | | ( 1 Ol fT [ C { ( OSK | ) it 1L 1S 
r le Phe | ese | il ery l; ue 
e strength ¢ ( ) n nh orainary 
chal orate I It my ex] I Oy ( I not pro- 
rt juisite kness of fire 
ora di su : ed in Cast I t] : ll account for 
the low percentage CO, in the co istible gases, and in this is 
ound the rea hy the « Clency Wi l 
Z L wi | mute king of the 1 e ends 1n ead over 
t} te } seo ft n that o ( Le ) experience 
I 4 } l ( e 7 t f ) ie ] used y 
exces ting 1 U! Cle { ‘ l e flue ef There 
re two th ( etal en before the heat reaches 
he wate! he opportunity for water to enter among the tubes 
na tol \ freely OVCI the nea i part l rather restricted W hen 
he ordinary return tubular boil set with a fire under the shell, 
i large portion of the heat flows through the shell, with the result that 
e temp iture ot the gases 1s n ich re | ( | I { ; the time 
he mpine Ipon the tube sheet. the tempt rature is LOW enough 


so that no damage results. 


3. A ease of trouble of this kind is illustrated by Fie. 1 and Fig. 2 


the first showing a return tubular boiler set against an enclosed fire 


brick furnace, in which the gases first impinged upon the tube sheet 
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were put at work immediate and very serious trouble resulted wit! 


] 


the tubs ends: thes le aked verv badly, the bead gettin FY OUT OL Shape | 


and springing away from the sheet By means of a little door in thi 
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side of the furnace one could see the water squirting from every tube, 
and running away from the setting on the floor in a large-sized stream. 
1 Aremedy was effected in this case, as shown by Fig. 2, by mount- 
ing above and below the furnace a drum which extended crosswise of 
the setting, and connected by vertical 4-in. boiler tubes as indicated; 
each of these drums being in communication with the boiler, 
allowed circulation of water and steam. With this scheme the gases 
first pass between these vertical tubes, which are set closely together, 
with the result that there is a considerable reduction in the temperature 
of the gases before they came in contact with the end of the boiler 
5 Another case of this character was remedied by carefully 
cleaning off the end of the boiler and coating It with an asbestos 
cement which Wis rounded ovel and Into the boiler tube openings 
in such a way that the flue sheet was entirely protected. This 
covering lasted about three months, after which it was necessary 
»y renew if \s it Was a house-heating boiler, two renewals a season 
served until the boiler plant was dismantled. The cure of the 
trouble with the boiler having the extended water leg. as shown in 
Fig. 2, is due in my opinion to the added heat-absorbing surface in the 


deeper leg, as it operates to abstract a much larger quantity o} heat 


; 


from the gases before they cume in contact with the tube ends, than 


Lie] t he hole before alteration. 


Tur Avurior. Replying to Mr. Bolton’s remarks, I have heard of 
the experiments which he quotes in regard to the rate of evaporation 
of different portions olf the length of a tubs but I am not at all 
impressed with them as a euide. It is well known that the first 
surface that receives heat gives the greatest rate of evaporation and 
leaves less for the remaining su.face to do Attention to this to the 
extent apparently advocated by Mr. Bolton would lead to an absurd 
result, for one might go on indefinitely shortening tubes It should 


| 


be remembered that only 16 ft. of the 20 ft. length of tubes are in 
contact with water, the remainder being for superheating. 

2 Apparently Mr. Bolton believes that it is known how long tubes 
should be. I do not think that this is known, for the reason that a 
boiler niust undergo a wide range of duty: a short tube would do 
for light work and a long one would be necessary for heavy work. 
Many vertical boilers with 24 in. tubes 20 ft. long have been used 
successfully for years and they are still being built. Mr. Bolton would 

—_ 


evidently prohibit increasing the size of a boiler by increasing the 


— 
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length of tubes, and would recognize only an increase in diamet 
a means of increasing size. To my mind this is illogi 
sistent with the teaching of successful practic 

oO Mr. Bolton speaks of thi sma ombustion chamb ras tne 
was first installed, but he ignores the hundreds, if not thousan 
vertical boilers with less combustion chamber space. I believe that I 
am the only person who designs vertical boilers with the crown sheet 


as much as d It above the oTAal and U! 


many years. In regard to the Dutch oven in front of thes 


it would have wholly defeated the object of using vert 
Besides it would have add ul rable bi 


4 Mr. Bolton easily account r the lack of « 


but ignores the perfection wit] h it : rbs heat. I believe tl 


} A ‘ 
lack of economy to be wl \ le to want of a indi when thi 

} ] ! } ] 
supplied and properly distribut the economy v 
Th} ll } 1] + ; : } rot . } 
Chis WoOUuLa e equally true lil { ) Hustion Nnamb« vere muc! 
longer. The comotive boilers tested at the St A kx] ( 


by the Pennsylvania Ra iroad e very lttie con tion 
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space, and the excellent economy is due to the proper admission and 
distribution of air. In regard to the economy of the boilers under 
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Fig. 2 SkEcTIONAL ELEVATION OF FURNACE OF THE AUTHOR’S FIRE-TUBI 
BOILER 
liscussion, It should be remembered that it was good, only not as good 
iS 1S sometimes the case. 
2 Mr. Parker states that the tubes leaked for the reason that they 


were set close to the grate and were therefore subjected to wide ranges 
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of temneraturs This is true 


the tubes by elinker and thi 


were not closed. 


DISCUSSION 


ll We consider 


consequent overheating of those that 


6 TLagree with Mr. Bement that some othe 


probably hot have precipitated thy 


I stated in the 


paper. 
Concerning the ability « 


there are many large vertical 


clinker on 


deseribed, that hay far less space Tol the pas 
tubes, and no trouble re Know of si 
wide space across the crown eet, while n ( 
entirely across, or sixteen reaching to the cen 
8 Il observe that Mr. Bement considers 
tion of the leakage « the tubes o ho 
of the water lee [ cannot fe hat this j 
to me that the heat hear the center of t! 
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CANADIAN MINING INSTITUTE 
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Windsor Hotel, Montreal. 
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ENGINEERING SOCIETY OF WISCONSIN 
February 23-25, Milwaukee, Wis. Secy W. G. Kirchoffer 1 Vroman 
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IS) New York Railroad Club H. D. Vou 
25 Municipal Engineers of New Yor! CD. Pe 
March 

2 Wirel Institute 5. L. W 


Blue Room Engineering Societ W.D. Sp 
® Amer. Soc. Hungarian Engrs 1A Z. de Néme 
S ‘The American Society of Mechat Ene ( nW.R 
10) Illuminating Engineering Society P.S. M 


11 Americal Institute Kleetric kong neers R.W.P 
15 New York Telephon eociety ee 

18 New York Railroad Club H. D. Vo 
23 Municipal Engineers of New Yi Cc, a F 


tH} 

















(;EORGI 


Pt ' 
R. H 
WM L.H 
1 \l 
Wa 
xX ( 


: 
) 
TAM 
Hi. G 


OFFICERS AND COUNC 


PRESIDENT 
W ESTiINGHOUSBI! 
S 


VICE-PRESIDENT. 


IL 


I 1. Conn. 
sca, NN. Y¥ 
York 


New York 
Urbana, Ill 
New York 


PAST PRESIDENTS 
ly idence, R. I 
\ Philadelphia, Pa 
New Yorl 
MAN St. I lis, Mo 
~~). New Yor 
MA iGERS 
BO Chicago, II 
HuMPHI New York 
STOT New York 
\ ] ) 
awtuc a 3 
I Mas 
Mi e W 
t \ t le 191] 
rs Ba | | i Pa 
RTNESS S] gfield, Vt 
ST Schenectady, N. 
¢ gs ¢ at Annual Meeting of 1912 
TREASURER 
H. WILey New York 
CHAIRMAN OF THE FINANCE COMMITTEI 
W New York 


HONORARY SECRETARY 


SECRE' 


1h) 








EXECUTIVE COMMITTEE OF THE COUNCIL 


ALEX. C. Humpureys, Chairmar KF. R. Hurron 
Cuas. WHITING BAKER, Vice-Chairman H. L. Gantt 
I. M. Wuytt 


STANDING COMMITTEES 


FINANCE 
ARTHUR M. Waitt (5), Chairman Rospert M. Dixon (3), Vice Chair 
EpWaARrpD F. Scunuck (1 Watpo H. MarsHALL (4 
Gero. J. Roperts(2 
HOUSE 
WILLIAM CARTER DICKERMAN (1 FRANCIS BLOSSOM 
3ERNARD V. SWENSON (2 EDWARD VAN WINKLE (4 


LIBRARY 
AMBROSE SWASEY (1) JoHN W. Lies, Jr. (3 
LEONARD WaALpo (2 Cuas. L. CLarKE (4 
ALFRED NOBLI 


VEETINGS 
Wn. H. Bryan (1 Cuas. E. Luck 
L, R. Pomeroy (2 H. pE B 


Witus E. Haun (5), Chairman 


MEMBERSHIP 


CuHartes R. Ricwarps (1) C) ? GEORGE J. |] 
Francis H. StinuMan (2 Hosea WEBSTER (4 
THEO STEBBINS 9 
PUBLICATION 
D. S. Jacosus (1) Chairma H. W. Spanaier (3 
H 2 J PORTER 2 (FEO I RocKwoop 4 


Geo. M. Basrorp (5 


RESEARCH 


f »()] 














SPECIAL COMMITTEES 


1909 


(Jn ¢ f 
NT ("} 
\W a, 
| " 
( j 
( y W 
j Cy 
(jr i | 
I RI J Mi 
Cy 
{ 4 
f/} é 
L. P. Br KI 


' 4 
rl 
ANTE 
AWN 
I 
IR 
HUN’ 
Ty 
- 
RII 








SOCIETY REPRESENTATIVES 
1909 


On John Fritz Medal 
AMBROSE SWASEY (1 ( 
F. R. Huron (2) Henry R 


On Board of Trustees United Engineering S B 
Fr. R. Hourron (1 
Jesse M. SMITH 


ow 


On Library Conference Cor 


J. W. Lies, Jk. CHAiRMAN OF THE LIBRARY COMMITTEE. Am. S M. I 


On National Fire Protection As 


t 


Joun R. FREEMAN Ina H. W 
On Joint Committe Engineering Education 
ALEX. C. HUMPHREYS vi. We 2 
Un Go ernment Advis ry Board ? I dé nds 
Geo. H. Barrus \ s 
W. F. M. Goss 
On Adv sory Board National ¢ onservation Cor ? 
Geo. F. SwAIN HN R, | 
Cuas. T. MaIn 
On Council of A merican Associat on for the Ad eme? Science 
ALEX. C. HuMPHREYs FReD J. MILLER 
Note—Numbers in parentheses indicate v iber is y tos 


199 | 











OF FIC 


PrON 


I ri 
| ( ' 
" U) 8 
I ) SON 
( 
, 
\ 
‘ 
\ ad | } 
I 
| \f 
| \ 
' 
T) 
) 
| 
( . ( 


ERS OF 


THE GAS POWER SECTION 


1909 


r An 
iii | 
| S 
1/2) 
* 
] I K wi 
H. H. Supies 
| / Si VA ITTE] 
\. F. Srruumay 
GC: oF 
W Wi t 
, 
5S. >. WYEI 
I Db. D } 
Ii i , \ UBI 
‘ 0) 
i 4 
R 
rRAt H 
a. 3 RIck 
, TW 
t INSTALLATIOA COM MITT] 
I YT 
‘ rk CK 
LAN ITIONS / "J 
H K. FReyn 
W. S. Twin 
C. W. Warwip 
STAN D] j ION COM 
I l. ADAMS 
JAMES D. ANDREW 
H. FF. Smirs 











OFFICERS OF STUDENT BRANCHES 


STUDENT BRAN AUTHORIZ 
‘ 
1908 
Stevens Inst. of ‘It Dec« ‘ 4A 
Hoboken, N. J 
Cornell University Dece ‘ j ( 


Ithaca, N. ¥ 


Armour Inst. of T« , M ) N 
Chicago, Ill. 

Leland Stanf as Ma ) \ 
University, Palo 
Alto, Cal 

Polytechnic Institute, M 
Brooklyn, N. 

State Agri. Colle ) ‘ I 
Corvallis, Ore 

Purdue University, I ' 
Lafayette Ir 

Univ. of Kansas Ma 9 l i 


Univ. of Illinois N 
Urbana, Ill 
Penna, State ( N 
State College | 
Columbia University, N 
New Yor 
Mas Ir f Te N { 


Cincinnati, O 
Univ. of Wis 

Madison, Wis. 
Univ. ot Miss 

Columb M 
Univ. of Nebraska, Dec 








